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PREFACE. 


When  the  Geological  Survey,  in  its  northward  progress  from  the 
midland  counties  of  Scotland,  entered  upon  the  examination  of 
the  Southern  and  Eastern  Highlands,  many  difficulties  were 
encountered  in  the  attempt  to  ascertain  and  map  the  true  order 
of  succession  of  the  rocks  of  that  part  of  the  country,  and  the 
details  of  their  tectonic  arrangement.  The  further  the  field-work 
was  carried  into  the  region  of  the  crystalline  schists  the  problems 
which  these  schists  presented  seemed  to  increase  in  number,  and 
the  prospect  of  being  able  to  solve  them  appeared  to  grow  more 
distant.  Accordingly  I  at  last  came  to  the  conclusion  that  as  a 
recognisable  succession  of  formations  had  long  been  known  to 
exist  in  the  North- West  Highlands,  more  satisfactory  progress 
would  not  improbably  be  made  if  a  portion  of  the  surveying  staff 
of  the  service  were  transferred  to  that  region. 

In  the  hope,  therefore,  that  a  detailed  study  of  Western  Suther- 
land and  Boss  would  throw  light  on  the  geological  structure  of 
the  rest  of  the  Highlands,  a  beginning  was  made  in  the  year 
1883  in  the  district  of  Durness  by  Messrs.  Pe^ch  and  Home. 
The  history  of  the  previous  investigation  of  the  geology  of  the 
North- West  Highlands  will  be  found  fully  narrated  in  Chapter  II. 
of  the  present  volume.  It  will  be  sufficient  to  remark  here  that 
when  the  Geological  Survey  entered  upon  the  detailed  examination 
of  the  ground  it  was  in  the  expectation  that  the  stratigraphical 
sequence  which  had  beeh  worked  out  by  Murchison,  from  the 
fundamental  gneiss  up  into  the  **gneissose  flagstones"  or  *' Eastern 
schists,"  would  be  established  by  more  minute  study.  But  this 
anticipation  was  soon  dispelled.  The  sti-ucture  of  that  north- 
western portion  of  Scotland  was  found  to  be  infinitely  more 
complex  than  had  been  supposed.  In  particular  the  **  Eastern 
schists"  which  Murchison  believed  to  lie  conformably  upon  the 
fossiliferous  Durness  limestones  were  found  to  have  been  pushed 
into  their  present  position  by  gigantic  dislocations  of  the  terrestrial 
crust.  Thus  what  had  been  assumed  to  be  a  conformable  sequence 
from  the  older  Palseozoic  limestones  into  an  overlying  series  of 
schists  proved  to  be  entirely  deceptive. 


IV. 

In  these  circumstances  no  fresh  light  could,  in  the  meantime, 
be  expected  to  be  thrown  on  the  problems  of  the  structure  and 
age  of  the  crystalline  rocks  of  the  Highlands  by  prosecuting  the 
mapping  eastward  into  the  great  region  of  the  gneissose  flagstones, 
for  the  very  same  diflSculties  there  presented  themselves  which 
had  been  found  insuperable  in  the  southern  and  eastern  parts 
of  the  Highlands.  But  the  detailed  examination  of  the  north  of 
Sutherland  had  brought  to  light  some  types  of  tectonic  structure 
of  a  kind  and  on  a  scale  such  as  had  never  before  been  met  with 
in  any  portion  of  the  British  Isles.  It  was  discovered  that  by  a 
complicated  series  of  reversed  faults,  combined  with  stupendous 
horizontal  thrusts,  the  rocks  had  been  pushed  over  each  other, 
slice  after  slice,  huge  sheets  of  the  very  oldest  masses  having  been 
torn  up  and  driven  westward  for  miles  so  as  to  rest  now  upon 
the  younger  groups.  Fortunately,  owing  to  the  marked  contrast 
in  lithological  characters  between  the  three  great  series  of  rocks 
— ;the  grey  or  pink  fundamental  gneiss,  the  red  Torridon  sand- 
stone, and  the  white  quartzites  with  the  limestones  and  dolomites 
— it  was  possible  to  trace  the  severed  portions  of  these  several 
formations,  even  through  extremely  complicated  structures.  Having 
regard  therefore  to  the  ultimate  solution  of  the  Highland  pro- 
blems which  had  hitherto  baffled  us,  I  deemed  that  our  wisest 
course  would  be  to  follow  southward  the  band  of  territory  in  which 
these  novel  tectonic  features  had  been  encountered  and  to  map  it 
thoroughly  to  its  extreme  limits.  By  unravelling  the  complica- 
tions of  that  piece  of  ground,  and  watching  the  variations  in  their 
development  from  district  to  district,  it  might  eventually  be  pos- 
sible to  obtain  a  clue  to  the  origin,  sequence,  and  structure  of  the 
crystalline  rocks  of  the  Central  Highlands. 

As  the  mapping  extended  southwaixls  it  was  found  that  the  new 
tectonic  types  were  developed  in  a  strip  of  country  which  stretches 
along  the  west  of  the  counties  of  Sutherland  and  Ross  from  the 
coast  near  Cape  Wrath  for  more  than  a  hundred  miles  to  the  most 
southerly  promontory  of  the  Isle  of  Skye.  This  tract  of  disturbed 
ground,  or  "belt  of  complication,"  as  it  came  to  be  called,  is 
bounded  on  the  east  by  the  most  easterly  of  the  great  thrust-planes 
on  which  the  gneissose  flagstones,  or  "Moine  schists,"  have  been 
driven.  The  mapping  was  mainly  confined  to  the  ground  between 
the  outcrop  of  that  thrust-plane  and  the  western  coast-line,  though 
here  and  there  a  broader  tract  of  the  Eastern  schists  was  surveyed. 

After  five  years  the  work  had  stretched  across  the  district  of 
Assynt,  where  the  new  tectonic  types  were  found  to  be  admirably 
developed.     Enough  of  information  had  now  been  collected  regard- 


and  correspondingly  redundant  in  the  other.  It  is  obviously  hardly 
possible  for  an  editor,  even  when  fully  conversant  with  the  subject, 
to  secure  among  the  essays  of  variously  gifted  contributors  that 
degree  of  uniformity  of  treatment  which  he  might  desire.  Con- 
siderable excision  and  condensation  were  found  to  be  absolutely 
necessary  in  the  manuscript  of  the  present  volume ;  and  perhaps 
some  readers  may  wish  that  these  alterations  had  been  carried  still 
further.  But  I  trust  that  no  one  who  shall  take  the  book  with  him 
to  the  ground  for  the  purpose  of  mastering  the  structure  of  what 
will  always  be  regarded  as  one  of  the  most  instructive  of  geological 
regions,  will  find  the  superabundance  of  local  details  a  hindrance. 

It  may  be  claimed  that  the  present  volume,  based  upon  Ordnance 
Survey  maps  on  the  large  scale  of  six  inches  to  a  mile  (rrriTTr)' 
contains  the  first  detailed  account  of  the  structure,  distribution, 
and  petrography  of  the  whole  of  the  Lewisian  Gneiss  and  Torri- 
donian  Sandstone  of  the  mainland  of  Scotland  west  of  the  Moine 
thrust,  and  that  it  thus  makes  an  important  fresh  contribution 
to  our  knowledge  of  the  pre-Oambrian  rocks  of  Britain.  It  likewise 
records  the  results  of  an  exhaustive  examination  of  the  rocks  and 
fossils  of  the  Cambrian  formations  of  the  same  region,  and  in 
paHicular  shows  the  distribution  and  organic  contents  of  the 
Olenellii8-zonQ  which  the  Geological  Survey  has  detected  and  traced 
there.  But  undoubtedly  the  feature  which  will  give  the  volume  its 
greatest  interest  and  novelty  in  the  eyes  of  geologists  is  the  full 
description  and  illustration  which  it  contains  of  the  remarkable 
tectonic  structures,  the  discovery  of  which  has  made  the  north- 
west of  Scotland  a  classic  region  for  the  study  of  some  of  the  more 
stupendous  kinds  of  movement  by  which  the  crust  of  the  earth  has 
been  afiected. 

While  each  of  the  geologists  engaged  in  the  survey  of  the  region 
has  contributed  an  account  of  the  ground  which  he  has  himself 
surveyed.  Dr.  Home  has  also  supplied  the  introductory  chapters. 
The  petrographical  portions  are  the  work  of  my  successor,  Dr. 
Teall.  In  the  early  stages  of  the  field-work  some  Lewisian  rocks 
were  examined  and  reported  on  by  Dr.  F.  H.  Hatch,  while  towards 
the  close  of  the  mapping  a  few  rocks  were  submitted  to  Dr.  J.  S. 
Flett.  Dr.  Peach,  now  retired  from  the  service,  has  furnished  the 
palaeontological  discussions  and  descriptions,  and  to  his  skilful  and 
artistic  pencil  the  reader  is  also  indebted  for  the  diagrams  illus- 
trative of  the  tectonic  structure  of  the  districts  of  Eireboll,  Assynt, 
Loch  Maree,  and  Loch  Carron,  which  form  one  of  the  most 
important  features  of  the  volume.  Certain  portions  of  the  "belt  of 
complication"  were  mapped  by  Mr.  H.  M.  Cadell,  Mr.  E.  Greenly, 


vu. 

and  Mr.  A.  Harker,  who  supplied  notes  of  their  work,  which  have 
been  incorporated  in  the  Memoir.  The  chemical  analyses  have 
been  chiefly  made  by  Dr.  Pollard;  a  few  have  been  supplied 
by  Mr.  Hort  Player,  Dr.  Teall,  and  Mr.  Barrow.  The  collecting  of 
the  rock-specimens  on  which  the  petrographical  studies  have  been 
mainly  based,  and  of  the  fossils  which  have  formed  the  ground- 
work of  the  palseontological  section,  has  been  done  by  Mr.  Arthur 
Macconochie,  to  whose  trained  eyes  the  discovery  of  the  Olenellus- 
zone  is  due.  The  photographs  of  landscapes  and  portions  of  rock- 
scenery  from  which  plates  have  been  made  were  taken  by  Mr. 
Robert  Lunn.  The  photographs  of  microscopic  rock-structures 
from  which  the  series  of  petrographical  plates  was  prepared  were 
taken  by  Dr.  Teall.  The  Bibliogi'aphy  in  the  Appendix  was  com- 
piled by  Mr.  David  Tait. 

ARCH.  GEIKIE, 

Late  Director-General  of  the 
Geological  Swvey, 

Shepherd's  Down,  Haslemere, 
29th  June,  1907. 
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CHAPTER  I. 


INTRODirCTORY/ 

In  the  North-West  Highlands  of  Scotland  four  great  rock- 
groups  are  remarkably  developed,  each  characterised  by  a  peculiar 
type  of  scenery  and  illustrating  in  a  vivid  manner  the  intimate 
relation  that  exists  between  geological  structure  and  the  evolution 
of  mountain-forms.  Each  group  has  impressed  its  own  individu- 
ality on  the  landscape  in  such  a  manner  as  to  arrest  the  attention 
not  merely  of  the  geologist  but  even  of  the  casual  and  unscientific 
traveller.  These  four  groups  are  in  consecutive  order  from  west 
to  east — 1st,  the  Lewisian  or  Fundamental  Gneiss;  2nd,  the 
Torridon  Sandstone ;  3rd,  the  Cambrian  formation ;  and  4th,  the 
Eastern  Schists.  Ever  since  the  time  of  Macculloch,  at  the  beginn- 
ing of  last  century,  the  stratigraphical  position  and  relative  age 
of  these  rocks  have  been  a  subject  of  animated  discussion  and,  for 
a  time,  of  keen  controversy.  Relying  on  the  apparent  order  of 
superposition,  the  earlier  observers  naturally  inferred  from  the 
magnificent  sections  laid  bare  along  the  western  fjords  and  on  the 
grand  escarpments  and  dip-slopes  of  the  mountains  that  the 
Eastern  Schists  follow  the  Cambrian  strata  in  conformable  sequence. 
But  the  geological  structure  which  seems  at  first  sight  so  simple, 
has  proved,  on  later  detailed  examination,  to  be  extremely  compli- 
cated. The  apparent  succession  has  been  found  to  be  deceptive, 
and  the  superposition,  which  is  undeniable,  is  now  ascertained  to 
be  due  to  great  terrestrial  displacements,  which  have  no  parallel 
elsewhere  in  Britain. 

At  the  outset  it  is  desirable  to  indicate  briefly  the  distinctive 
surface-features  and  field  relations  of  these  rock-groups,  so  that  the 
reader  may  form  some  conception  of  the  history  of  a  region  which 
presents  such  fascination  for  the  geologist.  The  several  areas 
covered  by  the  respective  formations  will  be  best  understood  from 
the  geological  map  which  accompanies  this  Memoir. 

i.  Along  the  western  seaboard  of  the  counties  of  Sutherland 
and  Ross,  the  Lewisian  or  fundamental  gneiss  forms  an  interrupted 
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bQk*strdtchm^  from  Cape  Wrath  to  Loch  Torridon,  and  thence  to 
/  '^hciuQlftnds  of  Hona  and  Baasay.  Throughout  this  belt  of  country 
;.  :  bare  rounded  domes  and  ridges  of  rock,  with  intervening  hollows, 
follow  each  other  in  endless  succession,  forming  a  singularly  sterile 
tract,  where  the  naked  rock  is  but  little  concealed  under  superficial 
deposits,  and  where  the  surface  is  dotted  over  with  innumerable 
lakes  and  tarns.  (Plate  I.)  Over  wide  areas  the  elevation  of  this 
undulating  rocky  plateau  is  comparatively  uniform,  save  near  the 
great  escarpments  of  Torridon  Sandstone  and  Cambrian  quartzite, 
where  the  Lewisian  Gneiss  sometimes  forms  prominent  peaks  and 
lofty  crags,  as  on  Ben  Stack  (2364  ft.),  near  Loch  Laxford  in  Suther- 
land, and  on  Ben  Lair,  near  Loch  Maree  (2817  ft.)  in  Boss-shire. 

The  various  rocks  comprised  under  the  designation  of  Lewisian 
Gneiss  may  be  said  to  form  the  foundation  stones  of  Scotland. 
They  occupy  a  well-defined  position  beneath  the  Torridon  Sand- 
stone and  Cambrian  strata.  Their  banded  and  foliated  structure 
was,  by  the  older  investigators,  regarded  as  indicating  them  to  have 
been  originally  sedimentary  deposits  that  have  been  rendered 
crystalline  by  various  metamorphic  processes.  The  detailed 
examination  of  the  region,  however,  leads  to  the  conclusion  that 
these  rocks  may  be  arranged  in  two  great  divisions — (1)  a  Funda- 
mental Complex,  composed  mainly  of  gneisses  that  have  affinities 
with  plutonic  rocks,  and  to  a  small  extent  of  crystalline  schists  and 
limestones  which  are  probably  of  sedimentary  origin ;  (2)  a  great 
series  of  igneous  rocks  intrusive  in  the  Fundamental  Complex  in 
the  form  of  dykes  and  sills. 

The  rocks  that  have  affinities  with  plutonic  igneous  products 
have  a  wide  petrographical  range,  and  comprise  ultrabasic,  basic, 
and  more  acid  materials,  such  as  pyroxenites,  homblendites, 
together  with  pyroxenic,  homblendic,  and  micaceous  gneisses. 
Sometimes  they  appear  in  an  amorphous  form,  like  ordinary 
eruptive  masses,  sometimes  with  crude  banding  due  to  a  rough 
parallel  arrangement  of  the  constituents,  and  yet  again,  over  wide 
areas,  with  well-defined  foliation.  In  certain  tracts  they  are 
thrown  into  gentle  arches  and  troughs,  and  in  others  they  are 
sharply  plicated  with  nearly  vertical  axes.  The  altered  sediments 
embrace  such  familiar  types  as  quartz-schists,  mica-schists,  graphite 
schists  and  limestones,  which  in  hand  specimens  are  indistinguish- 
able from  similar  rocks  in  the  metamorphic  series  in  the  counties 
of  Banfi*,  Perth  and  Argyll  in  the  Eastern  Highlands. 

After  the  gneisses  of  the  Fundamental  Complex  had  acquired 
their  mineral -banding,  a  subsequent  uprise  of  igneous  materials 
took  place  along  more  or  less  highly  inclined  fissures.  These 
igneous  protrusions,  which  now  appear  as  dykes  and  sills,  form 
one  of  the  most  striking  features  of  the  Lewisian  gneiss. 
(Plate  IL)  In  the  undeformed  areas  they  may  still  be  traced  through 
the  Fundamental  Complex  with  as  much  ease  as  the  Tertiary 
basalt-dykes  in  the  west  of  Scotland  can  be  followed  through  the 
Jurassic  strata.  Like  the  gneisses  which  they  traverse,  these 
intrusive  masses  have  a  wide  petrographical  range,  including 
ultrabasic,  basic,  intermediate  and  acid  types.    By  the  help  of  these 
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intrusions  mach  light  has  been  thrown  on  the  subseqaent  modifi- 
cations of  the  Lewisian  Gneiss. 

After  the  eruption  of  these  various  dykes  and  sills,  and  long 
before  the  deposition  of  the  overlying  Torridon  Sandstone,  the 
whole  region  of  north-west  Scotland  was  subjected  to  terrestrial 
stresses  which  afiected  both  the  Fundamental  Complex  and  the 
intrusive  masses  which  penetrate  it.  These  movements  have  followed 
lines  or  planes  of  disruption  which  traverse  the  gneiss  plateau  in 
varions  directionSy  sometimes  at  an  oblique  angle  to  the  course  of 
some  of  the  intrusions  or  nearly  east  and  west,  and  again  approxi- 
mmtely  parallel  with  the  trend  of  the  basic  dykes  or  W.N.W.  In 
the  former  case,  the  dykes  have  been  deflected  from  their  normal 
ooursey  and  have  undergone  such  an  internal  reconstruction  as 
ultimately  to  pass  into  hornblende-schists.  In  like  manner,  the 
coftrae  ^eisses  with  mineral  banding  have  been  rapidly  folded,  a 
moleciuar  re-arrangement  of  their  constituents  has  been  super- 
indnoed,  and  they  are  now  seen  to  pass  into  granulitic  gneisses, 
which,  in  some  instances,  are  indistinguishable  from  certain  types 
of  altered  sediments. 

Similar  changes  are  observable  when  the  lines  of  movement  are 
more  or  less  parallel  with  the  course  of  the  basic  dykes,  but,  in 
sneh  cases,  both  the  members  of  the  Fundamental  Complex  and 
the  later  intrusions  may  be  plicated  on  nearly  vertical  axes  or 
thrown  into  broad  arches  and  troughs.  Here  again  it  can  be 
demonstrated  that,  by  differential  movements  of  the  constituents, 
new  foliation  planes  have  been  developed  alike  in  the  dykes  and 
gneiss.  In  certain  areas  the  basic  dykes  appear  merely  as  bands 
of  hornblende-schist  in  the  midst  of  biotite-gneiss,  having  thus 
become  an  integral  part  of  the  complex. 

From  such  evidence,  which  will  be  presented  in  full  detail  in 
the  sequel,  the  general  principle  is  deduced,  that  under  the 
influence  of  earth-movements  which  operated  in  pre-Torridonian 
time,  coarsely-banded  gneisses  with  massive  intrusive  dykes  may 
be  entirely  reconstructed  and  may  pass  into  granular  and  granu- 
litic gneisses  and  schists,  the  planes  of  foliation  being  more  or  less 
parallel  with  the  axial  planes  of  folding  or  lines  of  disruption. 

In  connection  with  these  reconstructed  gneisses  and  the  accom- 
panying lines  of  movement,  bands  of  mylonised  or  ground-up 
rocks  (Lapworth,  1885)  occasionally  occur,  which,  under  the  micro- 
scope, show  the  various  stages  in  the  breaking  down  of  the  original 
constituents. 

All  these  varied  phenomena  are  undoubtedly  of  pre-Torridonian 
age,  for  the  shear-lines  and  the  reconstructed  gneisses  and  dykes 
can  be  traced  across  the  plateau  of  Lewisian  gneiss  till  they 
disappear  under  the  great  escarpment  of  overlying  Torridon  Sand- 
stone. This  evidence  is  still  further  strengthened  by  the  occur- 
rence of  fragments  of  these  materials  in  the  basal  breccias  of  that 
formation. 

If  the  stratigraphical  relation  of  the  altered  sediments  of  the 
Lewisian  gneiss  to  the  gneisses  that  have  affinities  with  plutonic 
rocks   could   be    definitely  ascertained,   it  would    possess   much 
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geological  intei'est,  in  view  of  the  great  antiquity  of  these  sedi- 
ments and  the  relative  ages  of  the  original  types  of  gneiss.  There 
is  no  clear  evidence  that  these  types  are  intrusive  in  the  former, 
but,  in  certain  places,  the  two  are  so  intimately  associated  as  to 
suggest  that  the  rocks  of  igneous  origin  may  have  been  injected 
into  those  of  sedimentary  origin.  On  the  other  hand,  there  is 
undoubted  proof  that,  north  of  Loch  Maree,  the  altered  sediments 
rest  on  a  platform  of  gneiss  and  are  locally  overlain  by  gneiss  with 
basic  dykes,  the  superposition  of  the  gneiss  on  the  sediments  being 
there  due  to  folding  and  thrusting. 

One  of  the  most  impressive  features  in  the  history  of  the 
Lewisian  gneiss  is  the  abundant  evidence  of  prolonged  denudation 
between  the  cessation  of  the  terrestrial  movements  just  described 
and  the  deposition  of  the  Torridon  Sandstone.  During  the 
protracted  interval  represented  by  this  denudation  the  gneiss- 
plateau  formed  a  land-surface  which  was  carved  into  lofly  hills 
with  craggy  slopes  and  deep  valleys.  This  fragment  of  primeval 
Europe  has  been  preserved  under  the  pile  of  coarse  Torridonian 
grits  and  sandstones  which  is  now  undergoing  slow  removal  by 
the  agents  of  waste.  The  observer  may  climb  one  of  these 
Archaean  hills,  following  the  boundary  line  between  the  Lewisian 
rocks  and  the  younger  formation,  and  note,  step  by  step,  how  the 
sub-angular  fragments  of  hornblende-schist  that  fell  from  the 
pre -Torridonian  crags  are  intercalated  in  the  grits  and  sandstones, 
thus  indicating  the  slow  submergence  of  the  old  land-surface 
beneath  the  waters  of  Torridonian  time.  Between  Loch  Maree  and 
Loch  Broom  it  is  possible  to  determine  the  orientation  of  these 
buried  valleys  and  to  prove  that  some  of  the  hills  exceeded  2000 
feet  in  height. 

There  can  be  no  doubt,  therefore,  that  the  unconformability 
between  the  Lewisian  gneiss  and  the  overlying  Torridon  Sand- 
stone represents  a  vast  lapse  of  time.  It  is  analogous  to  that  at 
the  base  of  the  Old  Red  Sandstone  in  the  Eastern  Highlands  and 
at  the  base  of  the  Trias  in  England,  and  differs  in  a  marked 
degree,  as  will  presently  be  shown,  from  the  boundary  between  the 
Torridonian  and  Cambrian  strata. 

ii.  The  contrast  between  the  scenery  of  the  Lewisian  gneiss  and 
that  of  the  overlying  Torridon  Sandstone  is  extremely  marked. 
The  rounded  domes  and  ridges  of  gneiss  pass  underneath  a  great 
pile  of  grits  and  sandstones,  which  rises  into  picturesque  mountains 
over  3000  feet  in  height.  Owing  to  the  gentle  inclination  of  these 
strata,  the  successive  outcrops  form  a  series  of  parallel  bars  or 
terraces  which  can  be  traced  by  the  eye  for  miles  along  the  eastern 
margin  of  the  old  gneiss  plateau.  They  are  intersected  by 
numerous  joints  and  small  faults  along  which  erosion  proceeds 
more  rapidly,  and  the  escarpments  are  thus  broken  up  into  huge 
buttresses  that  in  time  become  isolated  from  the  main  area  of  the 
formation.     (Plates  I.  and  III.) 

The  Torridon  Sandstone  has  been  divided  by  the  Geological 
Survey  into  three  groups,  of  which  the  middle  or  Applecross 
division  has  the  greatest    development  and  widest  distribution. 
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Consisting  of  coarse  sandstones  or  arkose  with  scattered  pebbles, 
the  members  of  the  Applecross  group  range  from  Cape  Wrath  to 
Sleat  in  Skye,  preserving  throughout  their  individual  charac- 
teristics and  peculiar  bedding.  It  is  remarkable  that  their 
enclosed  pebbles  include  pieces  of  quartzite  which  show  contact- 
alteration,  spherulitic  jaspers  that  have  been  formed  by  the 
silification  of  liparites,  and  spherulitic  felsites  which  closely 
resemble  those  of  Uriconian  age  in  Shropshire.  As  these  frag- 
ments have  all  been  derived  from  formations  that  are  not  now 
visible  anjrvvhere  in  the  western  part  of  the  counties  of  Sutherland 
and  Ross,  they  furnish  further  evidence  of  the  denudation  of  the 
Archssau  plateau  in  pre-Torridonian  time. 

The  members  of  the  lowest  (Diabaig)  division  have  not  been 
recognised  north  of  Assynt,  and  as  they  are  traced  southwards  to 
Skye  they  gradually  increase  in  thickness  from  500  feet  in  the 
Loch  Maree  district  to  about  6000  feet  in  Sleat.  In  the  sand- 
stones of  this  group  and  of  the  overlying  division  lines  of  heavy 
minerals,  such  as  magnetite,  ilmenite,  zircon  and  rutile  frequently 
occur. 

The  sediments  of  the  upper  division  (Aultbea),  though  of  local 
development  between  Loch  Ewe  and  Loch  Bi'oom  in  the  west  of 
Boss-shire,  are  of  considerable  interest  owing  to  the  occurrence  of 
certain  phosphatic  nodules  in  dark  micaceous  shales.  The 
chemical  composition  of  these  nodules  would  of  itself  suggest  a 
probable  organic  origin,  and  in  support  of  this  inference  it  may  be 
mentioned  that  Dr.  Teall  has  found  them  to  contain  spherical 
cells  with  brown-coloured  fibres,  which  appear  to  be  organic 
structures.  (Plate  LII.)  With  this  exception,  no  undoubted 
organic  remains  have  been  found  in  the  Torridon  Sandstone. 

These  Torridonian  deposits  were  grouped  with  the  Cambrian 
system  of  Wales,  until  1901,  when  the  discovery  of  the  OlentUus 
fauna  in  the  overlying  quartzite-limestone  series  demonstrated 
that  they  must  be  older  than  even  the  lowest  division  of  that 
system  and  are  thus  of  pre-Cambrian  age.  The  observer  who 
climbs  the  mountains  of  Torridonian  rock  will  not  wonder  that 
they  should  once  have  been  relegated  to  the  Old  Red  Sand- 
stone, when  he  notes  the  unaltered  character  of  these  sediments, 
the  freshness  of  their  constituents  and  the  absence  of  kaolinisation 
in  the  felspars.  Yet,  while  this  is  their  normal  character,  it  is 
worthy  of  note  that  whei'e  they  have  come  under  the  influence  of 
the  great  post-Cambrian  earth-movements,  they  have  been  so 
altered  as  to  approach  the  type  of  crystalline  schists. 

iii.  The  third  of  the  rock-fonnations,  formerly  grouped  by 
Murchison  with  the  Silurian  system,  but  now  proved  to  contain 
organic  remains  of  Cambrian  age,  presents  a  succession  of  strata 
wherein  the  lowest  and  most  prominent  subdivision  is  a  group  of 
quartzites.  Though  only  about  500  feet  in  thickness,  these  pale 
siliceous  rocks  form  a  conspicuous  feature  in  the  landscape,  seeing 
that  they  give  rise  to  snow-white  escarpments  and  outliers  which 
cap  the  mountains  of  Torridon  Sandstone  or  even  of  the  Lewisian 
gneiss.    (Plate  IV.)    Sometimes  they  form  long-dip  slopes,  as 
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on  the  west  side  of  Loch  EireboU  or  in  the  mountains  in  the 
Dundonnell  Forest  south  of  Loch  Broom,  where  they  retain  with 
remarkable  freshness  the  striaB  produced  during  the  glaciation  of 
the  region.  Next  in  order  come  two  sub- zones  together  about  70 
feet  thick,  comprising  brown  dolomitic  shales  followed  by  a  band 
of  quartzite  (SaltereUa  grit)  which  have  jrielded  the  Olenellus  fauna. 
These  are  overlain  by  the  dolomite  and  limestone,  which  reach 
their  greatest  development  (1500  feet)  in  the  Durness  basin. 

One  of  the  prominent  structural  features  in  the  North- West 
Highlands,  which  catches  the  eye  of  the  geologist,  is  the  boundary 
line  between  the  white  Cambrian  quartzite  and  the  dark  red  or 
brown  underlying  Torridon  Sandstone.  As  shown  by  Professor 
Nicol  and  Sir  Henry  James  this  line  marks  not  merely  the 
junction  of  two  distinct  groups  of  sedimentary  strata,  but  a  great 
unconformability  which  can  be  traced  from  north  to  south  across 
the  counties  of  Sutherland  and  Ross  into  Inverness-shire.  It 
further  implies  prolonged  marine  denudation  and  differs  completely 
in  character  from  the  eroded  land-surface  at  the  base  of  the 
Torridon  Sandstone.  The  detailed  mapping  shows  that  during 
the  interval  of  time  represented  by  this  unconformability,  the 
Torridon  Sandstone  was  gently  folded,  a  vast  thickness  of  strata 
was  then  removed  and  the  Lewisian  gneiss  was  exposed  over  wide 
areas,  before  the  marine  sediments  of  Cambrian  time  were  laid 
down.  Hence  we  find  in  that  region  numerous  instances  of  that 
remarkable  structure — the  double  unconformability — so  well 
displayed  on  the  hill  slopes  south  of  Loch  Assynt,  where  the  edges 
of  the  nearly  horizontal  Torridon  Sandstones  are  transgressed,  bed 
after  bed,  by  the  more  highly  inclined  Cambrian  quartzites,  till 
the  latter  rest  directly  on  the  Lewisian  gneiss.  (See  Figs. 
31  and  36.)  By  this  means  also  various  outliers  of  Torridon 
Sandstone  were  formed,  to  the  east  of  the  present  apparent 
limit  of  the  formation,  which  were  carried  westwards  by  the 
later  post-Cambrian  movements.  It  is  further  interesting  to 
observe  that  wherever  the  surface  of  the  Lewisian  gneiss  can  be 
examined  underneath  the  basal  quartzites,  the  felspars  in  the 
rocks  that  formed  the  old  sea-floor  show  a  peculiar  type  of  decom- 
position and  the  gneisses  themselves  are  epidotised. 

An  attentive  examination  of  the  North- West  Highland  region 
proves  the  accuracy  of  Professor  Nicol's  conclusion  that  the  lime- 
stone is  the  highest  member  of  this  system.  No  evidence  now 
remains  to  show  whether  or  not  the  Cambrian  limestones  and 
dolomites  were  covered  by  confoimable  sediments  of  younger  date, 
for  the  record  is  interinipted  at  that  horizon  by  a  great  series  of 
displacements  to  which  allusion  will  presently  be  made. 

After  the  deposition  of  the  Cambrian  dolomites  and  limestones, 
and  before  the  development  of  the  post-Cambrian  movements,  the 
members  of  that  formation  and  of  the  underlying  Torridon 
Sandstone  were  pierced  by  sheets  or  sills  and  plutonic  masses  of 
various  igneous  materials.  Though  traceable  from  Loch  Glencoul 
to  Ullapool,  they  are  specially  numerous  in  the  neighbourhood  of 
Inchnadamff,  where  they  form  noticeable  features  in  the  landscape, 
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cei'tain  zones  in  the  Cambrian  formation, — the  basal  limestone,  the 
Serpulite  Grit  and  the  "Fucoid  Beds"  have  yielded  readily 
to  the  intense  lateral  pressure,  for  they  have  been  piled  up  in 
small  slices  that  dip  at  an  oblique  angle  to  the  plane  along 
which  they  have  been  driven.  (Figs.  31  and  28.)  But  such 
structures  appear  only  in  advance  of,  or  beneath,  the  great  dis- 
ruption lines  or  thrusts  which  are  arranged  in  definite 
order  from  west  to  east.  The  more  westerly  of  these  thrusts 
detach,  bring  up  and  drive  westwards  portions  of  the  old  floor  of 
Lewisian  gneiss,  together  with  the  Torridon  Sandstone  and  many 
of  the  fossiliferous  zones  of  the  Cambrian  series.  The  slices  of 
Lewisian  gneiss  sometimes  exceed  1 000  feet  in  thickness,  and  they 
present  the  characteristic  types  of  these  rocks  as  developed  in  the 
undisturbed  area  to  the  west.  In  certain  localities  inversions  occur 
on  a  stupendous  scale,  as,  for  example,  to  the  north  and  south  of 
Stromeferry,  where  a  portion  of  the  old  Archaean  floor  of  gneiss 
has  been  turned  upside  down  and  there  reposes  on  the  inverted 
basal  beds  of  the  Torridon  Sandstone  which  dip  at  gentle 
angles  to  the  E.S.E. 

The  most  easterly  and  perhaps  the  most  powerful  of  these  dis- 
ruptions, to  which  the  name  of  *'Moine  Thrust"  has  been  given, 
differs  from  all  those  to  the  west  in  two  important  point*.  First, 
the  materials  overl^dng  that  plane  comprise  the  Ea.stern  Schists — 
the  fourth  of  the  great  rock-groups  referred  to  at  the  beginning  of 
this  Chapter — which  possess  different  petrographical  characters 
from  the  displaced  masses  to  the  west.  Secondly,  in  some 
instances,  the  strata  overlying  this  plane  have  been  driven  so  far 
west — for  ten  miles  at  least  in  the  Durness  area — that  they  rest 
almost  directly  on  the  undisturbed  Cambrian  rocks.  Hence  arise 
those  deceptive  sections  where  there  seems  to  be  a  normal  sequence 
from  the  fossiliferous  Cambrian  zones  into  the  Easteni  Schists. 

These  displacements  were  accompanied  by  differential  movement 
of  the  component  materials  of  the  rocks  affected,  and  resulted  in 
the  development  of  new  structures  which  reach  their  highest  limit 
of  metamorphism  along  the  belt  of  strata  in  association  with  the 
Moine  Thinist.  There  a  prominent  zone  of  crushed  or  mylonised 
rocks  is  usually  to  be  seen.  The  Lewisian  gneiss,  Torridon  Sand- 
stone, and  Cambrian  quartzite  have  been  so  sheared  and  rolled  out 
that  they  now  present  new  divisional  planes  parallel  with  that  of 
the  Moine  Thrust.  The  Lewisian  gneiss  shades  into  flaser-gneiss 
with  lenticular  or  phacoidal  structure,  and  ultimately  passes  into  a 
banded  rock  like  a  platy  schist.  The  pegmatites  show  beautiful 
fluxion-structure,  with  felspar  **  eyes  "  like  rhyolites. 

No  less  interesting  and  important  is  the  evidence  funiished  by 
the  deformation  of  the  sediments.  In  the  case  of  the  **  pipe-rock 
zone  "  of  the  quartzite,  the  vertical  worm-casts  have  been  bent  over 
and  flattened  till  they  become  parallel  with  the  plane  of  thrust, 
and  the  beds  have  been  much  attenuated.  In  the  Tomdon  grits 
and  sandstones,  the  quartz-grains  have  been  drawn  out  into  lenticles 
that  wind  round  the  '*  eyes  "  of  felspar  ;  sericitic  mica  appears  in 
the  divisional  planes,  and  in  some  instances  biotite  has  been  deve- 
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ii.   TORRIDONIAN 
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^3.  Sandstones  and  dark  micaceous  shales. 

2.  Thick  series  of  coarse  sandstones  and 
grits  with  conglomerate  bands. 

1.  Dark  and  gray  shales  with  calcareous 
bands,  fine-drained  sandstones  and 
grits  with  epidotic  grits  at  the  base. 


[Strong  Unconformability — Highly-eroded  land  surface.] 


i.  Lewisian 


-< 


Complex  of  pyroxenic,  hornblendic,  and 
micaceous  gneisses  with  certain  crystal- 
line schists  that  represent  altered  sedi- 
ments. This  complex  is  pierced  by 
ultrabasic,  basic,  and  acid  intrusions  in 
the  form  of  dykes  and  sills. 


Brief  allusion  may  be  made  in  this  preliminary  statement  to  the 
overwhelming  evidence  of  repeated  and  prolonged  denudation  in  the 
North-West  Highlands.  The  materials  that  overlie  the  Moine 
Thrust-plane  originally  stretched  far  to  the  west  of  the  present  main 
outcrop  of  that  plane.  By  the  removal  of  these  materials  from  an  area 
many  square  miles  in  extent,  we  are  enabled  to  study  the  complicated 
structures  that  once  lay  buried  under  a  covering  of  the  Eastern 
Schists.  Again,  by  the  recession  eastwards  of  the  great  Cambrian 
and  Torridonian  escarpments,  the  gnarled  Lewisian  Gneiss,  once  so 
deepl}*"  buried  under  these  formations,  has  been  once  more  exposed, 
and  has  revealed  some  of  the  topography  of  the  oldest  land-surface 
known  to  exist  in  Western  Europe,  while  at  the  same  time  the 
successive  protrusions,  dislocations,  and  displacements  of  the 
remotest  Archaean  ages  have  been  laid  bare  to  our  eyes. 


CHAPTER  II.* 

PB£VIOUS  UTERATURE  RELATING  TO    THE    GEOLOGY   OF  THE  REGION 

DESCRIBED   IN  THIS  MEMOIR. 

Towards  the  close  of  the  eighteenth  century  brief  references 
were  made  to  the  occurrence  of  certain  rock-groups  in  the  North- 
West  Highlands,  which  have  now  become  widely  known  in  geological 
literature.  In  1774  Pennantt  recorded  exposures  of  limestone  and 
marble  in  Ross-shire  and  at  Ledbeg  in  Sutherland ;  and  in  1789 
Williams^  mentioned  that  granular  quartz  or  primitive  sandstone 
is  found  in  parts  of  Ross-shire  and  the  mountains  of  the  north  of 
Scotland. 

The  first  important  contribution  to  our  knowledge  was  made  by 
Macculloch§ — the  great  pioneer  in  West  Highland  geology — who, 
between  1814  and  1824,  described  a  remarkable  development  of 
red  sandstone,  quartz-i*ock  and  limestone  among  the  gneiss  and 
schists  of  the  North- West  Highlands  and  Islands.  He  maintained 
that  the  red  sandstones  and  conglomerates  (Torridon)  rest  uncon- 
formably  on  the  western  gneiss,  and  that,  in  Sutherland,  they  are 
overlain  by  quartz  rocks  and  limestone,  which  alternate  with  and 
are  succeeded  by  gneiss  and  schists  forming  the  chief  portion  of 
the  Highlands  of  Scotland.  He  announced  the  important 
discovery  of  worm  tubes  (named  by  Salter,  SerjnUites  MaccuUochit) 
and  (yrihoceratites  in  the  quartz  rock  of  Loch  Eireboll,  and  he 
noted  **  the  occurrence  of  certain  cylindrical  bodies "  in  the 
quartzites  of  Assynt  and  the  Coigach.  The  limestone  of  the 
Garbh  Island  was  regarded  by  him  as  a  fragment  of  the  lime- 
stone basin  of  Durness.  Allusion  was  made  to  the  **  red  vermicular 
stains  "  in  its  grey  base  and  to  the  singular  forms  on  its  weathered 
surface,  which,  in  his  opinion,  indicated  that  such  remains  entered 
into  the  composition  of  the  rock.  He  stated  that,  along  the 
eastern  shore  of  Loch  Eirebol,  the  superposition  of  the  quartz-rock 
to  the  limestone  and  of  the  gneiss  to  the  quartzite  can  be  seen  at 
various  points;  and  further  that,  in  Sleat  and  Loch  Alsh,  at 
Glenelg  and  Loch  Carron,  the  red  sandstones  (Torridon)  graduate 
upwards  into  gneiss  and  schists. 

*  By  J.  Home. 

t  *'  A  Tour  in  Scotland  and  Voyage  to  the  Hebrides."  Vol.  ii.,  pp.  366,  366. 

X  **  The  Natural  History  of  the  Mineral  Kingdom."    Vol.  i.,  1st  ed.,  p.  472. 

^  "  A  Description  of  the  Western  Islands  of  Scotland,"  vol.  i.,  pp.  1-234, 
295,  et  seq.  ;  vol.  ii.,  pp,  89,  104,  608,  616  ;  and  vol.  iii.,  with  plates  and  maps. 
**Oti  the  Geology  of  various  parts  of  Scotland,"  Travu,  Geol,  Soc,,  ser.  1, 
vol.  ii.,  pp.  388,  460.  "A  Geological  Classification  of  Rocks,"  London, 
p.  333.  **  Supplementary  Remarks  on  Quartz  Rocks,"  Trans,  Oed,  Soc., 
ser.  2,  voL  i.,  pp.  53-60. 
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From  this  brief  outline  it  will  be  seen  that  this  astute  observer 
established  two  points  of  permanent  value,  viz.,  the  unconformability 
between  the  western  gneiss  and  the  overlying  red  sandstones 
(Torridon)  and  the  occurrence  of  the  zone  of  Serpulite  Grit 
(SalterfiUa  quartzite).  By  correlating  the  limestone  at  Garbh 
Island  with  that  at  Durness,  he  inferentially  suggested  the  system 
of  east  and  west  faults  in  that  region,  and  while  noting  the 
occurrence  of  an  upper  quartzite  and  the  superposition  of  the 
eastern  gneiss  and  schists  to  the  quartzite  and  red  sandstones, 
he  recorded  certain  facts,  the  correct  interpretation  of  which  led  to 
prolonged  controversy  in  future  years. 

In  1827  Murchison  and  Sedg^vick  visited  north-west  Sutherland, 
and  in  1829  they  communicated  to  the  Geological  Society  a  paper 
on  "The  Structure  and  Relations  of  the  Deposits  contained 
between  the  Primary  Rocks  and  the  Oolitic  Series  in  the  North  of 
Scotland,'*  in  which  they  correlated  the  red  sandstones  (Torridon) 
between  Cape  Wrath  and  Durness  with  the  red  sandstones  of 
Tongue,  and  thus  with  the  Old  Red  Sandstone  of  Caithness.* 

In  his  "System  of  Geology"  which  appeared  in  1831,  Maccul- 
loch  distinguished  between  the  primary  sandstone  in  Ross  and 
Sutherland,  where  it  is  associated  with  quartz- rock  and  the 
secondary  sandstones  with  fossils  in  the  west  of  Scotland.t 

In  1841  Hay  Cunningham  confirmed  Macculloch's  observations 
regarding  the  unconformability  between  the  red  sandstones 
(Torridon)  and  the  underlying  gneiss,  and  the  occurrence  of  an 
upper  gneiss  resting  on  the  quartz-rocks  and  limestones.  He 
further  corroborated  the  discovery  of  organic  remains  in  the 
quartz-rock,  and  stated  that  **  there  are  gneisses  and  mica-slates 
that  have  been  elaborated  aft^r  these  were  called  into  being."J 

In  his  volume  on  "The  Old  Red  Sandstone  "  published  in  1841, 
Hugh  Miller  correlated  the  red  sandstones  in  the  west  of  Suther- 
land and  Ross  with  the  red  sandstones  in  the  basin  of  the  Moray 
Firth.  He  contended  thai,  in  Assynt,  these  strata  are  succeeded 
by  (1)  a  lower  quaitz-rock  ;  (2)  massive  limestone,  and  (3)  an 
upper  quartz-rock,  the  last  member  being  exposed  in  Glas  Bheinn 
and  Ben  More.  He  admitted  that,  in  Eireboll,  the  eastern  gneiss 
does  seem  to  overlie  the  quartz-rock. § 

In  1844  Nicol  referred  to  the  development  of  the  red  sandstones 
resting  unconformably  on  the  gneiss  in  the  North-West  Highlands, 
and  noted  that  it  is  succeeded  by  quartz-rock  and  limestone  which, 
at  certain  localities  in  Loch  Eireboll,  pass  underneath  the  Eastern 
gneiss.  He  suggested  that  the  primary  strata  of  the  Highlands 
are  the  metamorphic  representatives  of  the  Silurian  rocks  of  the 
South  of  Scotland.ll 

*  Trans.  OeoL  Soc.,  ser.  2,  vol.  iii.,  j).  125. 
t  **  A  System  of  Geology,"  vol.  ii.,  ch.  29. 

I  "  Gcognostic  Account  of  the  County  of  Sutherland,"  Trans.  High.  Soc., 
vol.  xiii.,  p.  73,  vol.  vii.,  new  series,  p.  73. 

§  **The  Old  Red  Sandstone,"  1st  ed.,  ch.  ii.  (1841).  **0n  the  Red  Sand- 
stone, Marble,  and  Quartz  Deposits  of  Assynt,"  published  in  16th  ed.,  p.  325. 

II  **  Guide  to  the  Geology  of  Scotland,"  p.  210,  et  seq. 
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A  suggestive  memoir  was  published  by  Mr.  Daniel  Sharpe  in 
1852  on  the  foliation  of  the  rocks  of  the  Northern  Highlands,  in 
which  he  endeavoured  to  show  that  foliation  is  the  ultimate  stage 
of  cleavage.  He  distinguished  between  the  gneiss  lying  east  and 
we&t  of  a  line  drawn  from  Loch  Eireboll  to  the  head  of  Loch  Maree, 
the  foliation  and  cleavage  of  the  western  area  and  of  Lewis  striking 
north-west  and  south-east,  and  that  of  the  eastern  area  north-east 
and  south-west.* 

The  discovery  by  Charles  Peach  in  1854  of  fossils  in  the  Durness 
Limestone  aroused  keen  interest  in  these  rocks  and  led  Sir 
Roderick  Murchison  to  revisit  the  North- West  Highlands.  He 
invited  Professor  Nicol  to  accompany  him,  and  the  two  observers 
went  over  some  of  the  northern  sections  together  in  the  autumn  of 
1855.  At  the  British  Association  meeting  of  that  year  he 
communicated  a  paper  "  On  the  Relations  of  the  Crystalline  Rocks  of 
tlie  North  Highlands  to  the  Old  Red  Sandstone  of  that  region,  and 
on  the  recent  discoveries  of  Fossils  in  the  former  by  Mr.  Charles 
Peach,"  which  gave  the  results  of  observations  made  during  this 
joint  traverse.  Murchison  contended  that  all  the  crystalline  rocks 
of  that  area  (gneiss,  schists,  clay-slates)  were  originally  stratified 
deposits  that  had  been  crystallised  before  the  beginning  of  the 
Old  Red  Sandstone  period.  He  correlated  the  quartz-rocks  and 
limestones  of  Durness  with  their  equivalents  at  Eireboll,  stating 
that  in  the  latter  region  they  pass  under  the  eastern  gneiss  and 
schists.  Owing  to  their  imperfect  preservation  the  age  of  the 
fossils  could  not  be  definitely  determined,  but  Salter  provisionally 
regarded  them  as  belonging  to  the  Devonian  genus  Clymenia  or  to 
Ooniatiies  and  Euomphalvs,  Murchison  suggest.ed  that  they  might 
be  of  Lower  Silurian  age,  and  hence  he  separated  the  western 
gneiss  from  the  eastern  schists,  which  he  considered  to  be  younger 
than  the  fossiliferous  limestones.  The  red  sandstones  of  Apple- 
cross,  etc.,  were  still  supposed  by  him  to  be  the  equivalents  of  the 
Old  Red  Sandstone  of  the  east  coast.f 

An  important  advance  was  made  by  Nicol  when,  towards  the 
close  of  1856,  he  communicated  to  the  Geological  Society  a  paper 
"  On  the  Red  Sandstone  and  Conglomerate,  and  the  Superposed 
Quartz-rocks,  Limestones  and  Gneiss  of  the  North- West  Coast  of 
Scotland,*'  wherein  he  described  varions  sections  extending  from 
Loch  Eireboll  to  the  southern  part  of  Skye,  examined  partly  in 
1855  in  company  with  Murchison,  and  partly  in  1856  by  himself.^ 
One  of  the  prominent  features  of  this  paper  is  the  detailed  evidence 
in  support  of  an  unconformability  between  the  red  sandstones 
(Torridon)  and  the  overlying  quartzites  which  he  had  detected  and 
traced  for  upwards  of  100  miles.  The  following  order  of  succession 
is  given : — 

1.  The  red  sandstone  is  the  lower  formation  resting  on  gneiss 
and  forming  a  narrow  band  along  the  western  shore,  never  reaching 

*  **  On  the  Arrangement  of  the  Foliation  and  Cleavage  of  the  Rocks  of  the 
North  of  Scotland,    P^tl.  Trans.,  vol.  cxlii.,  p.  445. 
t  Bep,  BrU,  Assoc,  for  1855,  p.  85. 
X  Quart.  Jour.  Otol.  Soe.y  vol.  xiii.,  p.  17,  published  in  1857. 
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the  watershed  of  the  country  and  not  exceeding  twenty  miles  in 
breadth. 

2.  The  quartzite  is  a  distinct  and  newer  formation  reposing 
unconformably  on  the  red  sandstone  on  the  west,  but  on  the  east 
spreading  out  beyond  it  over  the  gneiss.  Its  present  breadth, 
including  outlying  poilions,  does  not  exceed  ten  miles,  and  is 
generally  much  less.  The  limestone  forms  the  upper  portion  of 
this  band. 

3.  At  many  points  along  the  eastern  margin  the  quartzite  and 
limestone  have  been  ascertained  to  dip  under  gneiss  inclined  in  the 
same  direction  towards  the  south-east. 

Nicol  suggested  that  the  quartzite  occurring  east  of  the  limestone 
in  Assynt  is  probably  only  the  lower  quartzite  rising  from  under^ 
neath  that  zone  or  brought  up  by  a  fault.  Allusion  is  made  to  the 
rounded  bodies  of  organic  origin  in  the  quartzite  (pipe-rock)  to  the 
plant>-like  impressions  in  the  Fucoid  beds,  to  the  conical  bodies 
(Serpdites)  found  by  Macculloch,  and  to  the  fossils  obtained  by  Mr. 
C.  W.  Peach  from  the  limestone.  He  was  convinced  that  the  age 
of  the  beds  could  be  satisfactorily  determined  only  by  the  discovery 
of  better  preserved  fossils,  but  he  provisionally  regarfed  the  red 
sandstones  (Torridon)  as  Devonian  and  the  quartzites  and  lime- 
stones as  Lower  Carboniferous.  Should  the  latter  prove  to  be  of 
Silurian  age,  then  the  Torridon  Sandstone  would  necessarily  belong 
to  a  different  period  from  that  of  the  Old  Red  Sandstone  with  which 
it  had  been  identified.  In  several  horizontal  sections  illustrating 
this  paper,  the  quartzites  and  limestones  are  represented  as  passing 
below  the  eastern  gneiss,  but  Nicol  expressed  a  doubt  whether  the 
latter  might  be  a  newer  metamorphic  group  or  a  portion  of  the 
lower  gneiss  forced  up  by  some  great  convulsion. 

The  marked  uuconformability  between  the  red  sandstones  and 
quartzites  detected  by  Professor  Nicol  was  observed  independently 
by  Sir  Henry  James  and  described  by  him  in  a  letter  to  Sir  Roderick 
Murchison,  dated  26th  Jul}^  185G.* 

The  discovery  by  Mr.  Peach  of  additional  fossils  from  the 
Duniess  limestone,  which  were  considered  by  Salter  to  have  strong 
affinities  with  certain  Lower  Silurian  forms  of  North  America, 
ranging  from  the  Calciferous  Sand-rock  to  the  Trenton  Limestone, 
gave  a  new  impetus  to  Murchison  in  his  investigation  of  the 
structure  of  the  Noi-th-West  Highlands.  In  1857  he  made  a 
communication  to  the  Geological  Section  of  the  British  Association  at 
Leeds,t  where  he  announced  that,  in  view  of  the  uuconformability 
between  the  red  sandstones  and  the  quartzites  and  the  definite 
nature  of  the  palseontological  evidence  as  interpreted  by  Salter,  he 
regarded  these  red  sandstones  as  the  equivalents  of  the  Cambrian 
rocks  of  Wales.  A  note  by  Salter  on  the  fossils  from  the  Durness 
Limestone  is  appended  to  this  paper,  in  which  he  states  that  **  the 
character  of  the  fossils  is  so  very  similar  to  that  of  the  lower  lime- 
stones of  America,  often  contained  in  a  single  calcareous  band,  that 

♦  **Life  of  Sir  R.  I.  Murchison,"  by  A.  Geikio  (1875),  vol.  ii.,  p.  212. 
t  Rep.  Brit.  Assoc,  for  1857,  pi).  82-84. 
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one  is  tempted  to  conclude  that  the  succession  in  North-West 
Scotland,  where  a  thick  limestone  reposes  on  a  quartzite  full  of 
fucoidal  markings,  can  be  nothing  else  but  the  equivalent  of  the 
Calcareous  Series  of  Canada,  with  its  underlying  Potsdam  Sand- 
stone." 

In  1858Murchison  andNicol  contributed  to  the  Geological  Section 
of  the  British  Association  at  Leeds  brief  statements  of  their  views 
as  to  the  relations  of  the  rocks  in  the  North-West  Highlands. 
Nicol  expressed  regret  that  in  one  point  he  was  compelled  to  differ 
from  his  friend,  that  he  could  not  regard  the  entire  gneiss  forming 
the  central  regions  of  Ross  and  Sutherland  as  of  younger  date  than 
the  red  sandstone  and  quartzite  of  the  West  Coast.  He  described 
a  section  from  Gairloch  to  the  Moray  Firth,  and  showed  that  both 
the  red  sandstone  and  quartzite  resting  on  the  western  gneiss  were 
cut  off  by  igneous  rocks  from  the  supposed  overlying  strata  on  the 
east.  Similar  igneous  rocks,  occupying  the  same  relative  position, 
had  been  traced  by  him  at  intervals  for  100  miles,  from  Loch 
Eireboll  to  Skye,  and  he  therefore  concluded  that  the  overlap  of  the 
eastern  gneiss  on  quartzite  might  be  caused  by  a  slip  or  convolution 
of  the  strata.^ 

With  unflagging  energy,  Murchison  prepared  an  elaborate 
memoir  in  two  parts  **  On  the  Succession  of  the  Older  Rocks  in  the 
Northernmost  Counties  of  Scotland,  with  some  Observations  on  the 
Orkney  and  Shetland  Islands,"  which  he  communicated  to  the 
(jeological  Society  in  1858.  f  He  indicated  the  characters  of  the 
western  gneiss  as  exposed  in  the  low  maritime  headlands  in  the 
west  of  Sutherland  and  Ross,  where  the  rocks  are  variously  inclined 
at  high  angles  and  highly  contorted,  are  usually  Iiomblendic,  and 
penetrated  by  granitic  veins.  He  remarked  that  it  will  be  for 
future  geologists  to  observe  tho  extent  to  which  this  old  rock  may 
reappear  in  the  central  or  eastern  portions  of  the  northern  counties 
of  Scotland,  for,  although  he  had  failed  to  detect  it  in  the  region 
east  of  a  line  extending  from  Eireboll  to  Loch  Assynt,  it  might 
well  occur  in  parts  of  the  interior  which  he  had  not  explored. 

The  great  succession  of  Silurian  strata  resting  unconforniably  on 
the  Cambrian  sandstones  and  the  Fundamental  gneiss  were  grouped 
by  him  in  the  following  ascending  order: — (1)  Quartz-rock,  (2) 
limestone,  (3)  upper  quartz-rock,  (4)  micaceous  and  chloritic 
schists  passing  into  a  kind  of  gneiss,  with  repetitions  of  quartzose 
and  micaceous  flaggy  rocks.  A  description  by  Salter  of  the  organic 
remains  from  the  Durness  Limestone  was  given  in  the  same  paper, 
together  with  figures  of  some  of  the  fossils,  wherein  that  astute 
palajontologist  made  the  following  striking  statement : — '*  That  this 
truly  North  American  assemblage  should  be  found  in  the  extreme 
north  of  Scotland,  on  the  same  parallel  as  the  Canadian — that 
species  of  Maclurea  and  Raplmtoma,  resembling  those  of  the  St. 
Lawrence  basin,  and  Orthocerata  bearing  large  siphuncles  like  those 
of  North  America,  Scandinavia,  and  Russia,  should  occur  in  Scotland 

*Rep,  Brit.  Assoc,  for  1858.     Trans,  of  Sees.,  p.  96. 
t  Quart.  Joum.  (hoi.  Soe.,  vol.  xv.,  p.  363. 
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and  yet  be  scarcely  known  farther  south,  is  at  least  suggestive  of  a 
geographical  distribution — perhaps  even  of  climatical  conditions — 
not  very  unlike  that  of  more  modem  times." 

The  marked  change  in  the  petrographical  characters  of  the  eastern 
or  younger  gneiss  was  again  enforced  by  Murchison.  With  reference 
to  the  outlying  mass  of  the  eastern  schists  at  Bishop's  Castle,*  north 
of  the  Durness  Limestone  basin,  he  noticed  the  occurrence  there  of 
thin-bedded  grey  micaceous  flagstone  (siliceous  Moine-schist)  that 
occasionally  weathers  white,  like  the  promontory  of  the  Whiten 
Head,  east  of  Loch  Eireboll,  and  remarked  that  the  observer  cannot 
fail  to  recognise  the  distinction  between  the  homblendic  and 
micaceous  gneiss  to  the  west,  and  this  outlying  crystalline  flagstone, 
which,  though  it  contains  felspar,  quartz,  and  mica,  is  not  hom- 
blendic, and  is  void  of  granite  veins.  He  recorded  the  development 
of  this  same  type  of  (^uartzose  flagstone  and  dark  grey  micaceous 
schists  east  of  Loch  Eireboll  and  Assynt,  which  on  Ben  Hope,  east 
of  the  former  sea-loch,  are  associated  with  green  and  grey  micaceous 
schists  with  garnets  that  present  the  external  aspect  of  the  Italian 
**  Cipollino."  He  had  no  doubt  that  the  Silurian  quartzites  and 
limestones  are  overlain  by  the  younger  micaceous  flagstones  of 
Inverhope  and  the  Moine  east  of  Loch  Eireboll,  both  having  a 
common  dip  towards  the  E.S.E,  and  that  they  constitute  one  great 
series,  the  age  of  which  is  deteimined  both  by  the  order  of  super- 
position and  by  the  fossils  contained  in  one  of  its  lower  members. 

In  the  same  memoir  Mui-chison  next  proceeds  to  consider  Nicors 
conclusion  that  intrusions  of  igneous  rock  appear  at  intervals 
between  the  quartz ite  and  limestone  and  the  younger  gneiss,  which 
the  latter  geologist  believed  to  be  connected  with  a  general  dislocation 
along  the  strike.  He  referred  to  the  Canisp  porphjTy  that  pierces 
the  lowest  part  of  the  Cambrian  sandstone  on  that  mountain,  to 
the  hypoi'sthenic  rocks  that  penetrate  the  limestones  of  Durness 
and  the  quartz-rocks  and  limestones  of  Ass>Tit,  to  the  syenite  and 
felspar  rocks  that  reappear  above  the  Silurian  limestones  at 
Ledmore  and  on  the  b«anks  of  Loch  Borrolan  (Assynt),  and  to  the 
granitic  mass  of  Ben  Laoghal  rising  through  the  yoimger  gneiss  in 
Sutherland.  He  maintained  that  these  eruptive  masses  do  not 
derange  the  general  succession,  though  they  occasion  partial  folds 
of  the  beds  near  the  points  of  local  intrusion. 

A  geological  sketch  map  of  the  north  of  Scotland  is  appended  to 
this  paper,  in  which  the  western  or  Fundamental  gneiss  is  corre- 
lated with  the  Laurentian  gneiss  of  Canada,  and  the  eastern  schists, 
together  with  the  quartzites  and  limestones,  are  coloured  as  of 
Fjower  Silurian  age. 

This  elaborate  memoir  was  followed  in  1860  by  a  further  con- 
tribution from  Murchison  on  *^  Supplemental  Observations  on  the 
order  of  the  ancient  Stratified  Rocks  of  the  North  of  Scotland  and 
their  associated  eruptive  rocks,"t  which  embodied  the  results  of 
a  traverse  with  Sir  A.  C.  Ramsay  in  the  previous  year.     Again  he 

♦  This  locality  is  termed  Seanachaisteal  on  the  One-Inch  Map  114. 
\  Quart,  Joutm.  Gaol.  Soc,  vol.  xvi.,  p.  215. 
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points  out  the  divergence  in  strike  between  the  Lanrentian  gneiss 
and  the  eastern  schists,  that  of  the  former  being  N.N.  W.  and 
S.S.E.,  and  that  of  the  latter,  approximately,  N.N.E.  and  S.S.W. 
He  advances  fresh  evidence  in  support  of  his  contention  that  the 
Silurian  limestones  are  intercalated  between  a  lower  and  an  upper 
quartzite,  and  that  at  cei*tain  localities  there  is  an  upper  limestone 
between  the  upper  quai-tzite  and  the  eastern  schists.  On  the 
authority  of  Professor  Harkness,  he  gives  a  section  showing  the 
upper  limestone  at  Cnoc  an  Droighin  (Inchnadamff),  and  another 
showing  the  upper  quartzite  and  limestone  pierced  by  intrusive 
rocks  on  the  west  face  of  Ben  Arnaboll*  (Loch  Eireboll).  He  notes 
the  occurrence  of  intrusive  igneous  rocks  at  various  localities  near 
the  junction  of  the  quartzite  and  limestone  with  the  upper  gneiss, 
and  contends  that  they  do  not  affect  the  order  of  succession. 

In  December,  1860,  Professor  Nicol  laid  a  full  and  what  might 
be  termed  a  final  statement  of  his  views  before  the  Geological 
Society  in  a  paper,  "On  the  Structure  of  the  North-Westem 
Highlands  and  the  Relations  of  the  Oneiss,  Red  Sandstone,  and 
Quartzite  of  Sutherland  and  Ross-shire."  This  remarkable  con- 
tribution embodied  the  results  of  his  researches  extending  over 
several  years  in  the  North-West  Highlands,  and  in  view  of  the 
rare  power  which  it  reveals  in  dealing  with  complicated  tectonics 
it  ought  to  be  studied  by  all  those  who  are  interested  in  this 
controversy.! 

In  regard  to  the  relation  of  the  quartzite  to  the  eastern  gneiss, 
discussed  in  his  previous  communication  to  the  society  in  1856, 
Nicol  stated  that  ''though  some  of  the  sections  appeared  to 
confirm  Macculloch's  view  that  there  are  in  Sutherland  two  forma- 
tions of  gneiss — an  older  below  the  quartzite  and  a  newer  superior 
to  it — still  the  presence  of  intrusive  rocks  and  other  marks  of  dis- 
turbance in  the  sections  he  had  examined  rendered  this  conclusion 
less  certain  and  satisfactory  than  might  be  wished."  In  order  to 
determine  this  question  he  had  subsequently  visited  this  region 
four  times  and  examined  all  the  principal  sections  and  almost  the 
entire  tract  from  the  North  Coast  of  Scotland  to  Skye  in  the  south, 
and  from  Caithness  in  the  east  to  the  island  of  Lewis  in  the 
west. 

The  object  of  this  paper  is  to  prove  (1)  that  the  limestone  is  the 
highest  member  of  the  older  formations  in  this  region,  (2)  that 
no  conformable  upward  succession  from  the  fossiliferous  limestone 
to  the  overlying  schists  is  to  be  found,  "  but  that  the  line  of  junc- 
tion, where  this  conformable  succession  issaid  to  occur,  is  clearly  aline 
of  fault,  everywhere  indicated  by  proofs  of  fracture,  contortion  of  the 
strata  and  powerful  igneous  action."  By  means  of  horizontal  sections 
illustrating  the  structure  of  the  Eireboll  and  Assynt  regions  he 
shows  that  the  so-called  upper  quartzite  and  upper  limestone  of 
Murchison's  sections  are  merely  repetitions  of  the  lower  quartzite 

*Ben  Arnaboll  is  uamed  Beinn  Poll  Ath-roinn  on  Sheet  114  of  the  One- 
inch  map. 

t  Quart,  Joum,  Geol,  Soe.j  vol.  xvii.,  p.  85. 
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and  limestone  due  to  faults  or  folds.     He  adopted  the  following 
order  of  succession,  which  is  given  below  in  descending  order : — 

4.     Limestone. 

3.     Quartzite  (Serpulite  Grit). 
2.     l\icoid  Beds. 

1.     Quartzite  including  the  pipe-rock  with  annelid  tubes. 
Unconformity. 
Eed  Sandstone  (Torridon). 

Unconformity. 
Gneiss  and  Crystalline  Schists. 

In  the  Durness  area,  Nicol  correlated  the  white  mica-slates  of 
Farrid  (Fair  aird  on  Sheet  114)  Head  and  Old  Cadtle  Point 
(Seanachaisteal)  with  similar  rocks  east  of  the  quartzite  at 
EireboU  and  at  Melness  (Tongue).  The  brecciated  character  of  the 
limestone  in  Sango  Bay  is  supposed  to  be  due  to  a  mass  of  horn- 
blende-rock or  serpentine  that  rises  up  in  that  bay,  bringing  with 
it  portions  of  altered  quartzite  and  mica-slate.  These  igneous  and 
metamorphic  rocks  extending  from  Sango  Bay  south  to  I/x;h  Gealla- 
dail  have  been  evidently  forced  up  through  the  limestone.  The 
quartzite  resting  on  the  limestone  in  Sango  Bay  has  been  broken 
up  into  an  incoherent  breccia  by  a  fault  and  crush ;  indeed,  the 
basin  is  traversed  by  faults  trending  N.N.E.  and  S.S.W.,  and  the 
strata  have  been  tilted  up  on  the  west. 

Eastwards  in  the  Eireboll  region,  Nicol  showed  that  between 
Camas-an-duin  and  Eireboll  House  the  limestones  form  a  synclinal 
fold,  and  that  the  underlying  Fucoid  Beds  and  pipe-rock  appear 
in  regular  descending  order  in  the  hill-slope  to  the  east.  He  con- 
tended that  though  the  Fucoid  Beds  and  quartzites  appear  to  rest 
on  the  limestone  with  an  easterly  dip  this  structure  is  due  to  an 
upheaval  and  inversion  of  the  strata.  In  the  horizontal  section  of 
Camas-an-duin  (ibid.  Vol.  XVII.,  p.  88.)  the  igneous  rock 
(granulite)  is  represented  as  appearing  on  the  ridge  of  high 
ground  to  the  east,  bounded  on  the  west  by  quartzite,  capped  in 
part  by  quartzite  and  succeeded  eastwards  by  mica  slate.  Nicol 
argued  that  as  fragments  of  mica-slate  are  found  in  this  mass  of 
granulite,  they  prove  that  the  mica-slate  is  the  lower  and  older 
rock,  and  therefore  cannot  normally  overlie  the  quartzite. 
Similar  eruptive  rocks  occur  on  Bon  ArnaboU,  on  the  hills  north- 
east of  Hope  Ferry,at  Whitten  Head  (Cean  Geal  Mor),  and  Creag 
na  Faoilinn.  The  granulite  on  Ben  Arnaboll  has  clearly  broken 
through  the  strata,  resting  in  one  place  on  the  Fucoid  Beds,  in 
another  on  the  quartzite,  and  further  east  towards  Loch  Hope  is 
overlain  by  quartzose  beds. 

Again  in  his  horizontal  section  of  Assynt  {ibid.  Vol.  XVII.,  p. 
96)  Nicol  arranged  the  series  of  formations  in  a  great  syncline,  its 
centre  being  occupied  by  the  broad  mass  of  limestone  at  Inch- 
nadamfif,  while  on  the  eastern  limb  the  quartzite  rises  from 
underneath  the  limestone  on  the  mountains  of  Ben  Moi'e  and 
Braebag.     The  eastern  limit  of  the  section  shows  what  he  believed 
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to  be  the  Btmcture  of  Ben  More  as  exposed  in  the  wild  conies 
round  Dhn  Loch  More.  Oranitic  gneiss  and  mica-slate,  with 
introsive  igneous  rocks,  form  the  nucleus  of  that  mountain,  throw- 
ing off  the  quartzite  all  around  as  from  a  great  centre  of  elevation 
He  there  noted  also  red  sandstone  resting  on  gneiss  or  mica-slate 
(as  shown  in  his  section),  regarding  which  he  says  (ibid.,  p.  99) 
that  ''  there  can  be  no  doubt  that  this  is  the  true  western  red 
sandstone  (Cambrian  of  Murchison)  brought  up  in  the  centre  oi 
the  so-called  upper  quartz-rock,  and  that  the  synclinal  is  thus 
complete  in  all  the  formations  from  the  upper  limestone  to  the 
lowest  gneiss."  He  further  stated  that  "  the  only  obscurity  in 
the  sections  arises  from  the  synclinal  fold  in  the  limestone  being 
conjoined  with  a  great  fault  in  the  quartzite,  which  is  thus  brought 
up  in  enormous  crushed  masses,  so  broken  that  the  lines  of 
stratification  can  hardly  be  detected ;  this  is  especially  seen  near 
the  foot  of  Coniveal "  (Coinne-mheall)  (ibid.,  p.  97). 

[Regarding  the  Loch  Ailsh  section,  Nicol  maintained  that  the 
upper  quartz  rock  (Murchison)  is  the  continuation  of  the  quartzite 
of  Braebag  and  Canisp,  and  that  the  upper  limestone  is  merely  the 
repetition,  in  a  denuded  form  on  the  eastern  side  of  the  anticline, 
of  the  limestone  of  Stronechrubie  and  Assynt. 

Various  sections  in  Ross-shire  are  described  by  Nicol  in  support 
of  his  views  of  the  relations  of  the  rocks.  He  refers  particularly 
to  one  across  the  mountains  east  of  Loch  Torridon  (ibid,,  Fig.  13, 
p.  104),  where  five  isolated  patches  of  quartzite  rest  on  the  red 
sandstone  (Torridon)  in  one  continuous  ridge,  and  maintains  that, 
in  this  instance,  '*  the  quartzite  is  mere  fragments  of  the  upper 
formation  brought  down  repeatedly  by  faults,  and  in  some  cases 
even  forced  in  below  the  inferior  red  sandstone  by  enormous 
lateral  pressure." 

From  the  evidence  adduced  Nicol  drew  the  following  conclu- 
sions : — 

1.  The  mode  of  distribution  of  the  rocks  is  altogether  incon- 
sistent with  the  hypothesis  that  the  eastern  gneiss  conformably 
overlies  the  red  sandstone  or  quartzite. 

2.  The  diversity  of  strata  brought  into  contact  with  the  eastern 
gneiss  proves  that  the  line  of  junction  is  along  a  fault  and  not  one 
of  conformable  upward  succession. 

3.  That  there  is  here  a  line  of  fault  and  not  of  conformable 
overlap  is  proved  by  the  nature  of  the  formations.  Though  along 
the  line  of  fault,  and  especially  where  the  disturbance  has  been 
most  violent,  the  quartzite  is  often  much  hardened  and  semi-fused, 
still  its  fragmentary  and  granular  character  is  quite  recognisable. 
On  the  other  hand,  the  eastern  gneiss  and  mica-slate  said  to  rest 
on  it  are  no  less  distinctly  crystalline.  He  therefore  inferred  that 
the  sections  in  the  North  West  Highlands  are  but  the  counterpart 
of  those  in  the  Alps,  where  crystalline  rocks  are  seen  resting  on 
unaltered  strata,  due  to  the  enormous  inversion  and  overthiow, 
and  that  a  comparatively  small  amount  of  inversion  and  extrusion 
of  older  crystalline  masses  will  suffice  to  explain  any  of  the 
Scottish  sections. 
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Regarding  the  strike  of  the  crystalline  rocks,  Nicol  admitted 
that,  in  the  western  region,  the  general  trend  is  north-west  and 
in  the  central  areas  north-east,  but  this  distinction  is  not  universal. 
Ue  suggested  that  the  gneiss  of  Scotland  may  belong  to  distinct 
geological  periods.  With  reference  to  the  divergence  in  minera- 
logical  character  between  the  western  and  eastern  gneiss,  he 
conceded  that  homblendic  varieties  of  gneiss  are  very  characteristic 
of  this  formation  in  the  west  of  Sutherland,  but  the  more  usual 
kinds  also  occur,  while  in  the  eastern  districts  he  contended  that 
rocks  quite  as  homblendic  and  as  thoroughly  granitic  in  character 
are  to  be  found.  In  his  opinion,  the  pecular  character  of  the  rock 
has  no  relation  to  its  age  or  locality,  but  to  its  proximity  to  the 
great  foci  of  igneous  action.  Ne^r  the  granitic  and  syenitic 
eruptions  the  gneiss  appears  in  the  more  coarsely  crystalline  and 
homblendic  forms. 

In  the  summer  of  1860  Murchison  revisited  the  Highlands  once 
again,  accompanied  by  Sir  A.  Geikie,  with  the  view  of  tracing  the 
development  of  the  Sutherlandshire  series  south-westwards  through 
lloss-shire  to  Skye,  and  of  discovering  whether  the  order  observable 
in  Sutherland  extended  across  the  mountainous  tracts  to  the  south 
of  the  Caledonian  Canal.  For  this  purpose  the  authors  examined 
certain  sections  in  the  islands  of  Lewis,  Skve,  Islav  and  Jura,  like- 
wise  in  West  Ross-shire  and  south-eastwards  to  the  Highland 
border.  The  results  of  their  observations  were  communicated  to 
the  Geological  Society  in  an  elaborate  memoir  in  Feb.  1881.* 

In  the  description  of  the  Lanrentian  gneiss  of  Lewis,  Harris, 
West  Ross-shire,  and  other  localities,  Murchison  stated  that  the 
prevalent  strike  of  the  gneiss  in  those  regions  is  north-west  and 
south-east,  and  that  lithologically  it  resembled  the  western  gneiss 
of  Sutherland.  Once  more  he  emphasised  the  contrast  between 
the  micaceous  and  homblendic  gneiss  underlying  the  Cambrian 
Sandstone  (Torridon)  and  the  fla<;gy,  quartzose  and  micaceous 
strata  overlying  the  limestones  and  quartzites  with  a  north- 
east and  south-west  strike.  He  declared  that  **no  geologist 
can  confound  the  Lanrentian  or  Fundamental  Gneiss  wuth  the 
so-called  gneiss  of  the  superior  crystalline  schists,  which  instead 
of  being  a  massive  homblendic  and  granitoid  rock  like  the  first 
formed  is,  on  the  whole,  a  flag-like  micaceous  and  quartzose 
deposit  of  very  different  characters."     (Ibid.,  p.  175.) 

The  distinctive  feature  of  this  })aper  is  the  description  of  the 
relations  of  the  rocks  in  the  tract  extending  from  the  southern 
limits  of  the  county  of  Sutherland  across  Ross-shire  into  Skye. 
One  section  in  particular — Creag  a'  Knockan — (lesei*ves  special 
notice,  as  it  seemed  to  furnish  evidence  of  an  ascending  sequence 
from  the  undisturbed  Silurian  strata  ((juartzito,  Fucoid  Beds, 
limestone)  to  the  overlying  ({uartzose  schists  without  the  intei^ 
calation  of  any  igneous  material  (iJnd.,  Vol.  XVII.,  Fig.  2,  p.  180), 

*"()ii  the  Altered  R4)ck8  of  the  WcKtern  Ishuids  of  Scotland  and  the 
North- Western  and  Central  Highlands,"  Quart.  Jmtni.  (real.  Soc.,  vol.  xvii., 
p.  171. 
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and  without  the  synclinal  folding  of  the  beds  as  shown  in  Nicol's 
section  of  the  same  cliff  (tWrf.,  Vol.  XVII.,  Fig.  10,  p.  101).  Similar 
evidence  is  adduced  along  the  line  southwards  towards  Ullapool. 
Beyond  Loch  Broom  the  authors  refer  to  an  interesting  section  at 
Loch-an-Nid  (ibid..  Fig.  7,  p.  188),  where  on  the  east  slope  of 
Sgiirr  Ban  there  are  two  small  dark  peaks — outliers  of  a  green 
serpen tinous  and  actinolitic  gneissose  rock — which  are  distinctly 
superposed  on  the  inclined  bedding-planes  of  quartz-rock.  Still 
further  north,  the  development  of  the  rock  in  Glen  Bruachaig, 
near  Kinlochewe  is  referred  to,  which  seems  to  invade  the  quartz- 
rock,  the  limestone,  and  the  upper  flaggy  series,  but  though  it 
occupies  a  considerable  area  the  authors  contend  that  it  does  not 
interfere  with  the  ascending  sequence.  The  remarkable  section 
on  Beinn  Liath  Mhor.  also  figured  by  Nicol  {ibid.,  Vol.  XVII.,  Fig. 
13,  p.  104),  is  described  {ibid,.  Fig.  13,  p.  196),  which  shows  several 
intercalations  of  quartzites  in  the  Cambrian  sandstones,  their 
relations  being  accounted  for  partly  by  faults.  But  in  this  case 
and  in  others  where  faults  or  igneous  rocks  may  intervene,  the 
authors  maintain  that  they  do  not  affect  the  conformable  sequence. 

From  the  Silurian  base  line  south-eastwards  by  the  Great  Glen 
and  the  Black  Mount  to  Loch  Tay  and  Dunkeld,  the  general 
relations  of  the  strata  are  traced  with  the  result  that  the  younger 
gneiss  is  believed  to  have  a  wide  distribution  in  the  central  and 
eastern  Highlands,  while  the  quartzites  and  limestones  are  supposed 
to  emerge  south-east  of  the  Great  Glen  in  the  counties  of  Aberdeen, 
Perth,  and  Argyll. 

In  the  course  of  these  traverses  the  authors  made  certain  obser- 
vations on  the  relation  between  stratification  and  foliation  in  the 
crystalline  schists,  which  were  published  as  a  sequel  to  the  memoir 
just  referred  to.*  They  adhered  to  the  views  of  Button  that  the 
crystalline  rocks  of  the  Highlands  were  originally  sedimentary 
deposits,  their  crj'stalline  structure  being  developed  after  their 
deposition.  Dissenting  from  the  views  of  Mr.  Sharpe,  they  main- 
tained that  the  foliation  of  the  schists  concides  with  the  original 
bedding  planes,  being  "  nothing  more  than  such  an  alteration  of 
the  original  deposits  as  caused  the  siliceous,  felspathic  and  mica- 
ceous ingredients  to  form  separate  layers."     {ihid.,  p.  240.) 

At  this  stage  in  the  review  of  this  controversy  it  is  desirable  to 
state  clearly  that  the  detailed  mapping  of  the  region  between  the 
north  coast  of  Sutherland  and  Skye  has  completely  confirmed 
Nicol's  conclusions — (1)  that  the  limestone  is  the  highest  member 
of  the  Durness  series;  (2)  that  the  so-called  Upper  Quartzite  and 
Upper  Limestone  of  Murchison*s  sections  are  merely  the  repetition 
of  the  lower  quartzite  and  limestone  due  to  folds  or  faults ;  (3)  that 
there  is  no  conformable  sequence  from  the  quartzites  and  lime- 
stones into  the  overlying  schists;  (4)  that  the  line  of  junction  is  a 
line  of  fault  indicated  by  proofs  of  fracture  and  contortion  of 
the   strata.     In    the   course   of  his   investigations   NicoFs   views 

*  **  On  the  Coincidence  between  Stratification  and  Foliation  in  the  Crystal- 
line Rocks  of  the  Scottish  Highlands,'*  ibid.,  vol.  xvii.,  p.  232. 
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unden^ent  a  process  of  evolution,  and  in  the  form  in  which  he 
finally  presented  them  he  did  not  grasp  certain  points  which  have 
been  established  by  later  observers.  We  now  know  that  he  was  in 
error  when  he  regarded  portions  of  the  Archaean  gneiss,  occurring 
in  the  displaced  masses,  as  igneous  rocks  intruded  during  the 
earth-movements,  and  when  he  thought  the  eastern  gneisses  and 
schists  were  merely  the  old  western  gneiss  brought  up  to  the 
surface  again  by  great  faults.  He  failed  to  realise  the  evidence 
bearing  on  dynamic  metamorphism  resulting  from  the  gigantic 
disturbances  to  which  the  region  had  been  subjected.  But  not- 
withstanding these  points,  he  displayed  the  qualities  of  a  great 
stratigraphist  in  grappling  with  the  tectonics  of  one  of  the  most 
complicated  districts  in  Europe. 

On  the  other  hand,  the  detailed  mapping  has  proved  the  accuracy 
of  Murchison's  contention  that  the  quartzose  and  micaceous  flag- 
stones and  garnetiferous  mica-schists  which  overlie  the  quartzites 
and  limestones  with  a  general  agreement  in  dip  and  strike,  are 
so  strikingly  different  lithologically  from  the  western  gneisses  that 
they  cannot  be  merely  that  ancient  rock  brought  to  light  by 
faults.  The  petrographical  study  of  these  rocks  has  shown  that, 
while  the  larger  part  of  the  old  gneiss  now  exposed  in  the  west  of 
Sutherland  and  Ross  has  affinities  with  plutonic  igneous  products, 
the  eastern  gneisses  and  schists  represent  in  the  main  a  succession 
of  altered  sediments  (the  Moine  Series  of  the  Geological  Survey, 
Caledonian  Series  of  Dr.  Callaway)  save  in  certain  areas  where 
gneisses  of  Lewisian  types  come  to  the  surface.  Special  reference 
will  be  made  in  Part  V.  to  these  altered  sediments,  the  age  of 
which  has  not  yet  been  satisfactorily  determined. 

Before  considering  the  work  of  later  observers,  allusion  must  be 
made  to  the  fact  that  both  Murchison  and  Nicol  clearly  recognised 
the  intrusive  character  of  the  great  series  of  post-Cambrian 
igneous  rocks  which  are  so  largely  developed  in  •  Assynt,  In  1859 
Murchison  noted  the  band  of  syenitic  greenstone*  intercalated  in 
the  limestone  about  a  mile  west  from  InchnadamfT  and  the  contact 
alteration  produced  by  it  in  the  overlying  rock  which  has  been 
converted  in  parts  into  a  crystalline  marble ;  he  also  recorded  the 
great  development  of  syenite  between  Ledbeg  and  the  Oykel 
Bridget 

In  1860  Nicol  announced  that,  in  the  course  of  the  previous 
year,  he  had  observed  that  the  Canisp  porphyry  not  only  breaks 
through  the  quartzite  overlying  the  Torridon  Sandstone,  but 
forms  a  mass  more  than  a  mile  in  diameter  in  the  quartzite  within 
a  few  hundred  yards  of  the  Inchnadamff  Hotel.  From  these 
facts  he  inferred  that  the  igneous  intrusions  must  have  been  later 
than  either  the  red  sandstone  (Torridon)  or  qnartzite.t 

The  order  of  succession  advocated  by  Murchison  and  supported 
by  Ramsay,  Harkness,  A.  Geikie,  and  others,  seemed  to  furnish  a 

*  Quart.  Jour.  Oeol.  Soe.,  vol.  xvi.,  p.  221. 

t  Ibid.,  p.  232. 

I  Ibid.,  vol.  xvii ,  p.  J)9. 
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simple  solution  of  the  geological  phenomena  of  the  North- West 
Highlands,  and  hence  met  with  general  acceptance. 

In  1878  the  controversy  was  re-opened  by  Dr.  Hicks  in  a  paper 
**  On  the  Metamorphic  and  Overlying  Rocks  in  the  neighbourhood 
of  Loch  Maree."*  While  agreeing  with  Murchison  that  there  is  a 
j)erfect  passage  from  the  quartzites,  Fucoid  Beds,  and  limestones 
into  the  overlying  flaggy  strata  of  Glen  Logan  (Glen  Bniachaig  on 
one-inch  Sheet  92)  and  Glen  Docherty  (Eastern  schists)  resembling 
the  Lower  Silurian  flags  of  Wales,  he  maintained  that  these  flaggy 
rocks  rest  unconformably  on  the  pre-Cambrian  Archaean  rocks  of 
Ben  Fyn  to  the  east  (Fionn  Bheinn,  Sheet  92).  He  also  regarded 
the  mass  of  syenite  and  granitoid  rock  in  Glen  Logan  ("  Logan 
Rock  "  of  Heddle)  as  intrusive  and  of  later  date  than  the  Silurian 
strata.  Subsequently  Dr.  Hicks  disputed  that  the  eastern  schists 
rest  conformably  on  the  quartzites  and  limestones,  and  he 
abandoned  the  view  that  the  igneous  rock  in  Glen  Cruchalie  (Glen 
Bruachaig  on  Sheet  92)  is  intrusive  in  the  latter.  He  arranged  the 
pre-Cambrian  rocks  in  three  groups — (a)  lower,  consisting  of 
massive  gneisses  (Loch  Maree) ;  (^)  middle,  comprising  more 
banded  gneisses  (Loch  Shiel) ;  (c)  upper,  composed  of  ciy stall ine 
schists  (Ben  Fyn) ;  and  contended  that  between  Glen  Shiel  and  the 
eastern  border  of  the  Highlands  there  are  representatives  of 
various  Archaean  rocks  with  patches  of  Silurian  strata  resting  on 
them  unconformably. 

The  mammillated  contour  so  characteristic  of  the  plateau  of 
Lewisian  gneiss  was  attributed  by  Sir  A.  Geikie  in  ISSOt  to  the 
action  of  land-ice,  and  he  compared  the  overlying  breccia  of 
Torridon  Sandstone  age  that  fills  up  the  hollows  and  buries  the 
rounded  domes  of  rock  near  Gairloch  to  moraine  stufi*. 

In  1880  the  first  important  advance  towards  the  solution  of  the 
problem  of  the  succession  in  the  North-West  Highlands  since  the 
publication  of  NicoFs  researches  was  made  by  Professor  Bonney, 
who  described  the  so-called  **  intrusive  syenite  "  of  Glen  Logan 
(Glen  Bruachaig  on  sheet  92),  pointing  out  the  occurrence  of 
foliation  in  the  rock,  the  north-west  strike,  from  which  he  inferred 
that  all  the  so-called  syenite,  save  some  dykes,  is  simply  a  rather 
granitoid  variety  of  the  Hebridean  gneiss.  He  showed  that  its 
junction  with  the  limestone,  Fucoid  Beds,  and  quartzites  is  a 
faulted  one,  and  indicated  the  direction  of  the  fault.  He  called 
attention  to  a  marked  fragmental  structure  in  a  green  schist 
occurring  in  the  mass,  which  he  attributed  to  crushing  in  situ.t 
He  disputed  the  statement  of  Dr.  Hicks  about  the  unaltered 
character  of  the  newer  series  in  Glen  Logan  and  pointed  out  that 

*  Quart.  Jour,  Geol.  Soc,^  vol.  xxxiv.,  p.  811.  **0n  the  pre-Cambrian 
Rocks  of  West  and  Central  Ross-shire,"  with  Petrological  Notes  by  T.  Da  vies, 
(hoi,  Mag.,  decade  2,  vol.  vii.,  pp.  103,  155,  222,  266.  **  On  some  Recent 
Researches  among  the  pre-Cambrian  Rocks  of  the  British  Isles,"  Proc.  Geol. 
Assoc.,  vol.  vii.,  p.  69.  **  On  the  Metamorphic  and  Overlying  Rocks  in  parts 
of  Ross-  and  Inverness-shires,"  Quart.  Jour.  Geol.  Soc.,  vol.  xxxix.,  p.  141. 

t  Nature,  vol.  xxii.,  p  400. 

I  Petrological  Notes  on  the  Vicinity  of  the  Upper  Part  of  Loch  Maree," 
Quart.  Jour,  (hot,  Soe.,  vol.  xxxiv.,  p.  93. 
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they  are  rightly  classed  with  the  metamoi-phJc  rocks  as  they 
consist  of  dark  green  schists,  dull  colour^  mica-schists  and 
micaceous  quartzites. 

In  1881  Professor  Heddle  published  a  Geological  Map  of 
Sntherland,  in  which  he  separated  the  Hebridean  or  western  gneiss 
from  the  upper  or  eastern  gneiss,  and  regarded  the  limestone  of 
Durness  as  Silurian  and  the  dolomite  between  Loch  Eireboll  and 
Stromeferry  as  Archtean.  The  important  feature  of  this  map  lay 
in  the  detailed  representation  of  the  various  isolated  areas  of 
"Logan  Rock,"  which  are  now  known  to  be  thrust  masses  of 
Lewisian  gneiss,  displaced  by  post- Cambrian  movements,  between 
Loch  More  and  the  southern  limits  of  the  county.  In  a  series  of 
papers  by  the  same  author  which  appeared  in  the  Mineralogicai 
Magazine^  based  on  observations  made  by  him  during  extensive 
traverses  throughout  the  county,  the  evidence  for  this  classification 
was  given.  He  maintained  that  the  eastern  schists  and  gneiss 
rest  conformably  on  the  quartKo-calcareous  series  which  extends 
from  Loch  Eireboll  to  Loch  Kishom,  the  whole  being  regarded  as 
Archfean,  bec:iuse  the  calcareous  rocks  at  Durness  had  not  been 
proved  to  be  the  same  as  those  at  Loch  Eireboll.  He  contended 
that  chemical  analysis  showed  the  calcareous  strata  at  Durness  to 
be  limestones  and  those  at  Loch  Eireboll  to  be  dolomites.  He 
regarded  the  limestones  and  quartzites  of  the  Durness  basin  as  a 
fragment  of  Silurian  strata  let  down  by  faults  intersecting  at  threo 
points  and  having  no  relation  with  the  quartzo-calcareous  aeries 
of  Eireboll.  He  applied  the  term  "Logan  Rock"  (from  Glen 
Logan  near  Kinlochewe — Glen  Bruachaig  on  Sheet  92)  to  the 
thrust  masses  of  Lewisian  gneiss,  and  indicated  certain  petrological 
difierences  l>etween  this  rock  and  the  western  gneiss.  Following 
the  classification  of  Cunningham,  he  grouped  the  "Logan  Rock" 
with  the  Upper  Gneiss  and  defined  it  as  "  a  grit  which  presents 
varying  degrees  of  metamorphism  up  to  a  perfect  gneissic 
structure."  He  further  gave  a  large  list  of  minerals  from  the 
crystalline  schists  and  gneisses  throughout  the  county,  and 
described  various  types  of  the  post- (Cambrian  intrusive  rocks  that 
are  so  abundant  in  Assynt, 

In  1880  Dr.  Callaway  visited  Durness  and  Inchnodaraff,  the 
results  of  his  observations  l>eing  communicated  to  the  Geological 
Society  in  the  following  year.f  Reganling  the  Durness  sections, 
he  indicated  the  existence  of  an  east  and  west  fault  separating  the 
gneiss  and  schists  of  Farrid  Head  (Fair-aird  on  Sheet  114)  and 
Bishop's  Castle  on  the  north  from  the  Durine  limestone  on  the  south, 
and  claimed  that  hence  there  can  be  no  conformable  sequence  between 
the  two  at  that  point.  He  noted  the  occurrence  of  chloritic  and 
homblendic  gneiss  underlain  by  dark  mica-schist  in  Sango  Bay, 
which  he  believed  to  be  faulted  against  the  limestone  on  both  sides. 
The   author   correlated   the   Sango   Bay   gneiss  with  that  which 

•"On  the  Geognosy  and  Mineralogy  of  Scotland,"  JWifwraloj.  Jtfng.,  vol, 
iv.,  pp.  135,  197 ;  vol.  v.,  pp.  71,  133,  216.  271. 
t^Juari.  Jour.  G«4.  Sor.,  vol.  xiivii.,  p.  2:!9. 
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underlies  the  flaggy  schists  on  Farrid  Head  and  east  of  Loch 
Eireboll,  and  separated  it  from  the  Lewisian  or  Eebridean  gneiss. 
According  to  Murchison's  view  the  Sango  Bay  gneiss  and  schist 
overlie  the  limestone,  but  Dr.  Callaway  considered  that  it  is  "  more 
reasonable  to  infer  that  the  limestone  was  deposited  on  the 
contorted  gneiss,  and  that  the  latter  was  subsequently  thrust  up 
through  the  former  between  two  parallel  faults  "  (iftirf.,  p.  242). 

In  1881  Professor  Hull  stated  in  reply  to  objections  advanced 
by  Dr.  Callaway  that  he  concurred  with  Murchison*s  interpretation 
of  the  succession  north  of  the  Caledonian  Canal.  From  an  exami- 
nation of  the  sections  near  Ullapool,  at  Inchnadamff,  in  the  Forest 
of  Arkle,  and  the  hills  bordering  Loch  Stack,  he  considered  the 
geological  sequence  to  be  remarkably  clear,  and  thus  proving  a 
regular  passage  from  the  quai*tzites  and  limestones  to  the  eastern 
schists.* 

Similar  views  to  those  of  Professor  Bonney  regarding  the 
"Logan  Rock"  were  advanced  by  Mr.  Hudlestone  in  1882,  who 
described  it  as  the  local  representative  in  the  Ben  More  Assynt 
range  of  the  Fundamental  Gneiss,  and  "as  the  frame  work  or 
core  round  which  the  newer  rocks  are  folded."  He  disputed  the 
existence  of  the  **  upper  quartzite,"  but  considered  that  the  section 
at  Creag-a-Knockan  shows  a  regular  ascending  series  from  the 
Silurian  rocks  to  the  upper  gneiss.t 

The  investigations  of  Dr.  Callaway  relating  to  the  districts  of 
Loch  Broom,  Assynt,  and  Loch  Eireboll  still  further  weakened  the 
belief  in  Murchison's  order  of  succession.  A  detailed  account  of 
his  researches  was  communicated  to  the  Geological  Society  in 
1883,  and  published  in  that  year.t  His  view  of  the  relation 
between  the  Durness  Limestone  and  the  easteni  gneiss  differed  to 
some  extent  from  all  those  previously  advanced,  though  it  approxi- 
mated most  nearly  to  that  of  tficol.  He  maintained  with  that 
author  that  the  junction  of  the  limestone  with  the  eastern  gneiss 
is  a  line  of  faulting  and  inversion ;  at  the  same  time  he  recognised 
the  lithological  distinctions  between  the  western  and  eastern 
gneisses,  and  grduped  them  in  two  great  formations  of  pre- 
Cambrian  age — (a)  the  Hebridean,  {h)  the  Caledonian — the  latter 
resting  unconformably  on  the  former.  He  maintained  that  Nicol's 
"  igneous  rock  "  (granulite),  which  overlies  the  limestone  in  certain 
localities,  is  usually  a  true  gneiss,  and  that  both  the  older  and 
younger  gneissic  systems  have  been  brought  up  over  the  limestone 
by  overfolding  and  faulting  without  materially  altering  their 
original  structures. 

While  admitting  the  chemical  distinction  between  the  limestone 
of  Durness  and  the  dolomite  of  Eireboll  {ihxd.,  p.  363),  referred  to 
by  Dr.  Thomas  Anderson  and  Professor  Heddle,  Dr.  Callaway 
regarded  the  quartzo-calcareous  rocks  of  the  two  areas  as  of  the 

*  **The  Geological  Age  of  the  North  Highlands  of  Scotland,"  Nature^  vol. 
xxiii.,  p.  289. 

t  **  First  Impressions  of  Assynt,"  Oeol,  Mag,j  decade  2,  vol.  ix.,  p.  390. 

I  "The  Age  of  the  Newer  Gneissic  Rocks  of  the  Northern  Highlands," 
Quart,  Jour.  Geol,  Soc.,  vol.  zxxix.,  p.  365. 
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same  age.  Under  the  term  Assynt  Series  he  included  the  follow- 
ing sub-divisions — Cp  Torridon  Sandstone  and  Ben  More  Grit; 
Cg,  the  Quartzite,  comprising  a  lower  seamy  subgroup  and  an 
upper  Annelidian  or  pipe-rock  zone;  C3,  Fucoid  Beds;  C^,  Sal- 
terella  Grit  and  Quartzite;  Cg,  Dolomite.  He  described  in  detail 
various  sections  in  the  districts  of  Ullapool,  Assynt,  and  Loch 
Eireboll,  and  gave  the  follo^Ying  summary  of  his  results : — 

1.  The  Assynt  Series  has  been  doubled  back  on  itself  in  a 
compressed  synclinal  fold  along  Loch  Eireboll,  so  that  the  quartzite 
is  brought  up  on  the  dolomite.  In  Assynt,  also,  the  quartzo-dolo- 
mitic  group  has  been  folded  back,  though  less  conspicuously.  On 
Loch  Broom  the  dolomite  does  not  come  into  contact  with  the 
Eastern  Gneiss,  but  is  separated  from  it  by  older  faulted  rocks. 

2.  The  Assynt  Series  and  the  Efist^m  Gneiss,  in  the  three  areas 
described,  display  a  discordant  strike  and  dip.  On  Loch  Broom 
the  dip  of  the  former  is  north-easterly,  that  of  the  latter  south- 
easterly. In  Assynt,  where  the  rocks  are  in  contact,  as  at  Glen 
Coul,  the  dip  of  the  gneiss  is  north-easterly,  that  of  the  quartzite 
south-easterly.  On  Loch  Eireboll  there  is  a  double  discordance, 
both  the  gneiss  and  quartzite,  taking  them  from  north  to  south, 
coming  respectively  into  contact  with  higher  and  higher  beds  of 
the  other  group. 

3.  The  "  Igneous  Rock "  of  some  authors,  "  Logan  Rock "  of 
Dr.  Heddle.  is  usually  the  Hebridean  gneiss.  On  Loch  Broom 
it  is  brought  into  contact  with  almost  every  member  of  the  Assynt 
Series  in  turn,  and  slightly  overlies  them.  In  Assynt  this  gneiss, 
sometimes  accompanied  by  the  Torridon  Sandstone,  is  thrown  over 
on  to  the  Assynt  Series,  the  overthrow  increasing  in  breadth 
northwards,  so  that  on  Loch  Glen  Coul  it  is  more  than  a  mile  wide. 
The  "intrusive  granulite"  of  Nicol  is  the  Amaboll  gneiss  over- 
lying the  quartzite  and  associated  rock. 

4.  The  pt'itches  of  quart^zite  resting  on  the  "  granulite  "  east  of 
Loch  Eireboll  are  really  outliers  of  the  Assynt  Series  resting 
unconformably  on  the  Amaboll  gneiss.  The  absence  of  granite 
veins  in  the  Assynt  Series  supports  this  conclusion. 

5.  The  "Upper  Quartzite''  of  Murchison's  sequence  is,  in 
Assynt,  the  quartzite  below  the  dolomite  repeated  east  of  the  fault 
that  brings  up  the  Hebridean  gneiss.  On  X«och  Eireboll  it  is  the 
same  quartzite  repeated  on  the  eastern  side  of  the  great  synclinal 
fold. 

6.  The  "  Upper  Limestone "  is,  on  Loch  Ailsh,  marble  and 
crystalline  dolomite  intercalated  in  the  Caledonian  series.  Near 
the  Stack  of  Glen  Coul  it  is  the  Assynt  dolomite  repeated  east  of 
the  fault  that  brings  up  the  Hebridean  ^eiss.  Above  Eireboll 
House  it  is  a  faulted  fragment  of  the  dolomite  appearing  east  of 
the  inverted  quartzite. 

7.  The  Eastern  Gneiss,  though  actually  overlying  the  Assynt 
Series  in  some  localities,  has  been  brought  into  this  abnormal 
position  by  earth-movements  subsequent  to  the  deposition  of  the 
latter,  and  is  of  greater  antiquity. 
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8.  The  fSastem  Gneiss  is  widely  separated  in  age  from  the 
Hebridean  rocks. 

In  the  Appendix  to  Dr.  Callaway's  paper  (tWd.,  Vol.  XXXIX,  p. 
416.),  Professor  Bonney  describes  the  microscopic  characters  of 
some  of  the  thmst  Hebridean  gneisses  in  Assynt  and  at  Ullapool 
which  show  indications  of  crushing  and  recementation.  In  some 
instances  these  features  have  so  obscui-ed  the  original  structures 
that  it  is  difficult  to  determine  the  true  characters  of  the  rocks. 

Subsequently  Dr.  Callaway  referred  to  certain  localities  where 
the  members  of  the  Assynt  Series  become  more  highly  altered 
towards  the  junction  with  the  Archaean  Gneiss,  when  the  latter  by 
folding  or  thrust  has  been  made  to  overlie  the  former.  He  main- 
tained that  there  is  no  material  alteration  in  that  series  underlying 
the  Hebridean  gneiss  in  Glen  CouK  because  there  is  no  evidence 
of  extraordinary  pressure  ;  but  near  the  base  of  the  Stack  of  Glen 
Coul,  at  the  junction  with  the  eastern  gneiss  (Caledonian),  the 
quartzite  looses  all  traces  of  clastic  structure  and  passes  into 
quartz-schist.  He  accounts  for  this  progressive  alteration  by 
enormous  pressure  due  to  the  quartzite  being  **  reflexed  again  and 
again  in  closely  adpressed  folds."  • 

In  1884  Professor  Bonney  communicated  to  the  British  Asso- 
ciation meeting  at  Montreal  a  report  **0n  the  Archaean  Rocks  of 
Great  Britain,"t  in  which  special  reference  was  made  to  the 
relations  of  the  rock-groups  in  the  North- West  Highlands.  He 
described-  the  lithological  and  microscopic  characters  of  the  eastern 
gneiss  in  Glen  Logan,  and  inferred  that  it  is  much  more  modem 
than  the  typical  Hebridean  rocks,  and  may  possibly  have  been 
formed  of  their  debris.  He  considered  that  the  central  Highlands 
consist  of  schists  and  gneisses,  with  some  infolded  masses  of  grit, 
quartzite,  schistose  and  slaty  Ijeds,  probably  Palaeozoic,  and  that 
the  most  recent  classification  of  the  crystalline  rock.--  in  the  North- 
West  Highlands  would  be  as  follows : — (a)  coarse  gneisses,  Loch 
Maree  series;  (h)  more  variable  bedded  gneisses,  Loch  Sliiel  series; 
(r)  mica-schists,  quartz-schists  and  fiiable  gneisses,  Gairloc^h  and 
I3en  Fyn;  (^flaggy  schists.  Glen  Docherty.  He  believed  that 
after  the  deposition  of  the  Palajozoic  rocks  of  the  north-west,  an 
epoch  of  mountain-making  ensued,  the  direction  of  j)ressure  being 
north-west  to  south-east,  which  caused  newer  beds  to  be  folded 
together  and  inversions  or  faults  on  a  gigantic  scale. 

Selecting  the  region  of  Durness  and  Eireboll,  rrofessor  Lapworth 
mapped  a  large  portion  of  it  in  great  detail  during  the  summers 
of  1882  and  1883.  In  the  pages  of  the  Oeologicfd  Matjaztnet  he 
published  a  series  of  papers  on  '*The  Secret  of  the  Highlands,"  in 
which  he  described  the  geological  structure  of  that  region,  con- 
firming Nicoll's  conclusions  (1)  that  the  Duniess  Limestone  is  the 
highest    member    of    the    Ordovician    series    (Lower   Silurian, 

♦"Notes  on  Progressive  Metamoq)hism,"  Geol  Mag,,  decado  3,  vol.  i., 
No.  5,  p.  218. 
t  Eep.  Brit,  Assoc,  for  1884,  Reports,  p.  529. 
X  ''  Otol.  Mag.,  new  series,  decade  2,  voL  x.,  pp.  120,  103,  337. 


28  Ilistojical  Retrospect  of  Investigation. 

Murchison),  (2)  that  the  **  Upper  Quai*tzite  "  and  "  Upper  Lime- 
stone "  are  non-existent,  (3)  that  there  is  no  conformable  sequence 
from  the  quartzites  and  limestones  into  the  eastern  gneissic  series, 
(4)  that  the  line  of  junction  of  the  unaltered  Palaeozoic  rocks  is  a 
line  of  fault  and  overthrust. 

This  author  believed  that  the  Highlands  of  Scotland  include  a 
portion  of  an  old  mountain  system,  formed  of  a  complex  of  rock- 
formations  of  very  different  geological  ages,  which  have  been 
crushed  and  crumpled  together  by  excessive  lateral  pressure, 
locally  inverted,  profoundly  dislocated,  and  partially  meta- 
morphosed. In  the  area  partly  worked  out  by  himself  he 
recognised  the  stratigraphical  phenomena  to  be  identical  in 
character  with  those  developed  by  Rogers,  Suess,  Heim  and 
Brogger  in  extra- British  mountain  regions. 

In  the  Durness  area  he  pointed  out  that  the  basal  quartzite 
rests  on  the  almost  vertical  edges  of  the  Lewisian  gneiss,  followed 
by  the  pipe-rock.  Next  in  order  comes  the  limestone,  which, 
though  at  first  sight  apparently  of  great  thickness,  is  made  up  of 
a  few  distinct  lithological  zones,  repeated  by  faults  or  inverted 
folds.  From  specimens  collected  by  himself,  and  analysed  by  Dr. 
Tilden,  F.R.S.,  he  proved  that  many  of  the  beds  in  the  Durness 
basin  are  dolomites,  and  thus  disposed  of  the  classification 
advanced  by  Professor  Heddle  (see  page  21).  He  further  showed 
that  the  limestone  is  visibly  overlain  in  clear  sections  and  at  a  low 
angle  by  a  series  of  wrinkled  shales,  micaceous  flagstones,  and  slaty 
schists,  with  intercalated  zones  of  homblendic  gneissose  schists  ; 
and  even  where  transverselv  faulted  against  the  limestone,  this 
overlying  series  agrees  precisely  in  dip,  strike,  and  apparent 
amount  of  convolution.  He  pointed  out  that,  as  this  physically 
overlying  series  is  the  upper  flaggy  gneiss  of  Murchison,  it  would 
appear  at  first  sight  that  Muix^hison's,  theory  of  the  sequence,  so 
far  as  the  Durness  area  is  concerned,  is  absolutely  impregnable. 

Passing  east  to  liOch  Eireboll,  Prof.  Lapworth  described  the 
development  of  the  zones  overlying  the  pipe-rock  (Pucoid  Beds, 
Salterella  Grit,  limestone)  on  the  headland  of  An-t-Sron  and  in 
the  neighbourhood  of  Camas  Bay,  on  the  east  side  of  that  loch. 
He  showed  that  the  limestone  is  arranged  in  a  syncline  that 
stretches  south  to  Kireboll  House.  Eastwards  the  basin  is 
abruptly  bent  upwards,  and  the  underlying  strata  emerge  in 
descending  order  on  the  hill  slope  south-east  of  the  An-t-Sron  till 
we  reach  the  thin  conglomerate  at  the  base  of  the  quartzite  that 
rests  unconformably  on  the  "  igneous  rock  "  (Sutherland  gneiss). 
On  the  platfonn  above  the  ridge  there  is  a  narrow  island  or 
outlier  of  quartzite  surroinided  by  this  crystalline  rock  or  gneiss, 
and  separated  from  it  by  a  similar  thin  basal  conglomerate,  thus 
affording  clear  evidence*  of  a  distinct  unconformability  between  the 
two  series.  The  author  discusses  the  principles  of  mountain 
structure,  the  devt^lopment  of  overfolds  and  overfaults,  the 
deformation  of  individual  strata,  and  the  defoimation  of  mountain 
folds  under  the  inilucnce  of  horiz(mtal  thrust  or  earth-creep. 

Subsequently,  the  rehults  of  his  work,  in  so  far  as  they  affect  the 
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age,  composition,  and  mode  of  formation  of  the  eastern  schists, 
were  read  by  Professor  Lapworth  at  a  meeting  of  the  Geologists' 
Association,  July  4,  1884,  and  published  in  the  following  year,* 
the  main  points  of  which  are  here  summarised. 

In  the  district  round  Eireboll  and  Durness,  the  so-called  Eastern 
(or  Upper)  Gneiss  is  composed  of  two  distinct  members.  The 
older  is  the  AmaboU  Gneiss,  which  is,  in  his  opinion,  the  so-called 
Laurentian,  brought  up  to  the  east  of  the  Assynt  (Durness- 
Eireboll)  series  by  gigantic  overfolds.  The  younger  member  is 
composed  of  the  schistose  metamorphic  rocks  of  the  Moine  and 
Central  Sutherland,  and  contains  within  it  strips  and  patches  of 
the  lower  zones  of  the  Assynt  (Durness-Eireboll)  series.  The 
schistose  quai-tzites  or  quartz-sshists  of  some  authors  are  the 
crushed  and  mechanically  metamorphosed  ends  of  long  wedges  of 
the  Assynt  Series,  and  are  often  in  visible  continuity  with  the  un- 
altered Assynt  beds.  The  intermixture  of  ArcheBan  and  Assynt 
rocks  is  so  complete  that  they  can  never  be  separated  in  the  field, 
but  must  be  mapped  simply  as  metamorphic. 

The  planes  of  foliation  and  schistosity  in  the  so-called  Upper 
Metamorphic  Series  of  Sutherland  are  not  planes  of  bedding ;  but 
plains  of  cleavage  or  gliding  planes,  along  which  the  rocks  have 
yielded  to  the  irresistible  pressure  of  the  lateral  earth-creep  during 
the  process  of  mountain-making  Granites,  syenites,  pegmatites, 
gneisses,  and  quartzites  have  been  crushed  to  powder,  and  have 
been  finally  flattened  out  into  rocks,  having  all  the  external 
characters  of  halleflintas  and  even  finely  laminated  shales. 

The  process  of  rock-folding  in  the  region  is  exceedingly 
complex.  Folding,  interfolding,  buckling,  shearing,  stretching 
have  all  taken  place  again  and  again  along  the  junction-plane 
between  the  sedimentary  strata  and  the  Archaean  Series ;  and 
innumerable  protrusions  of  igneous  material  have  forced  their  way 
in  numberless  veins  in  the  latter  up  to  the  former. 

Schists  coriiposed  of  Archaean,  Ordovician  (sedimentary),  and 
intrusive  rocks  respectively,  form  part  of  one  and  the  same  lowest 
(or  heterogeneous)  zone  in  the  Eastern  schistose  area ;  but  further 
east  all  recognisable  distinctions  vanish  one  by  one,  and  in  the 
present  state  of  our  knowledge  all  that  we  can  presume  to  say  is, 
that  the  schists  of  Central  Sutherland  are  in  all  probability  an 
intimate  compound  of  sheets  of  (1)  Archaean,  (2)  Sedimentary, 
and  (3)  Intrusive  rocks,  which  have  been  crushed  into  slaty  rock, 
wherein  crystallisation  has  been  set  up  along  the  cleavage  planes. 

In  the  Durness-Eireboll  region  there  seems  to  be  no  trace  of 
any  sedimentary  rock  of  more  recent  date  than  the  Duniess 
Limestone.  The  thin,  so-called  Upper  Quartzite  band  of  Sango 
Bay  is  the  crushed  basement  zone  of  the  Lower  Quartzite.  The 
green  schists  overlying  it  are  pressure  schists,  formed  and  brought 
over  in  the  great  over-fault.  The  same  zone  occurs  again  in  Eireboll 
along  the  great  fault  line  of  the  Upper  Schist  Series. 

* Proc,  Geol.  Assoc, /yoL  viii.,  p.  438  ;  also  Oeol,  Mag.,  new  sorieH,  decade 
3,  vol.  ii.,  p.  9fJ  (1885). 
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The  great  area  of  metamorphic  schists  of  Sutherhmd  and  the 
Central  Highlands  is,  as  a  whole,  neither  Archaean  nor  Ordovician. 
The  Sutherland  (Amaboll)  gneiss  is  Archaean,  but  the  Sutherland 
schist  has  been  manufactured  since  Silurian  times.  One  point 
seems  clear,  that  the  so-called  oldest  beds  of  the  Highland  suc- 
cession of  the  Schistose  Series  of  the  North- West  Highlands  are  the 
newest  in  point  of  time.  The  zone  of  intermixture  and  mota- 
morphism  (in  Sutherland)  travelled  to  west  from  east,  and  the  last 
beds  (schists)  to  be  produced  by  the  earth-movements  are  those 
now  in  contact  with  the  Assynt  Series  in  Durness,  EireboU,  and 
Assynt. 

Strikes,  dips,  and  visible  sequences  are  useless  in  these  meta- 
morphic rocks  as  indices  of  chronological  sequence.  The  High- 
lands represent  the  remains  of  a  degraded  mountain-complex  the 
newest  of  its  component  ranges  being  the  fossil-bearing  beds  of 
the  north-west.  Some  ranges  were  certainly  in  existence  in  the 
Highlands  in  Old  Red  Sandstone  time,  and  some  in  Silurian  time 
also  and  there  can  be  little  doubt  that  the  Highland  area  has  been 
the  theatre  of  mountain-making  again  and  again  since  then.  If  the 
same  crumpling  has  taken  place  over  its  whole  surface  as  has  cer- 
tainly taken  place  in  Eireboll,  its  present  width  must  be  the 
merest  fraction  of  its  original  extent,  and  the  manufacture  of  its 
schists  and  gneisses  may  have  gone  on,  in  some  localities,  below 
its  surface  from  pre-Cambrian  time  to  the  present  without 
interruption. 

At  the  close  of  his  paper  Professor  Lapworth  embodies  his  main 
conclusions  under  the  following  heads : — 

1.  That  there  is  no  recognisable  chronological  sequence  (or 
invariable  succession  of  superposition)  in  the  metamorphic  High- 
land area  corresponding  to  that  among  sedimentary  formations ;  for 
the  planes  dividing  the  truly  metamorphic  layers  are  not  planes  of 
deposition,  but  planes  of  shearing  and  cleavage. 

2.  Many  of  the  Highland  schists  are  composed  of  Archaean 
rocks,  which  have  received  their  present  pseudo-bedded  arrange- 
ment since  Ordovician  (Silurian)  time. 

3.  What  proportion  of  these  schists  and  gneisses  is  composed  of 
Archaean,  sedinientaiy,  or  intrusive  materials  respectively  is  in  all 
probability  an  insoluble  question. 

4.  The  gneisses  may  be  either  Archaean  or  possibly  formed  by 
intrusion  (injection  of  plutonic  rocks)  in  later  ages. 

5.  The  schists  may  be  composed  either  of  crushed  Archaean  or 
crushed  intmsive  rocks,  or  of  a  mixture  of  these  with  sedimentary 
materials. 

6.  The  so-called  slates  may  be,  according  to  the  locality,  either 
normal  slates  or  crushed  rocks,  not  yet  crystallised,  of  either 
Archaean,  sedimentary,  intrusive,  or  of  mixed  origin. 

In  1885  an  important  paper  was  published  by  Dr.  Teall,  **  On  the 
Metamorphosis  of  Dolerite  into  Honiblende-schist,"*  *  as  displayed 
by  two  more  or  less  parallel  dykes  in  the  Archaean  gneiss,  near 

♦  Quart.  Jour.  Oeol.  Soc.,  xli.,  p.  133. 
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the  village  of  Scourie,  in  Sutherlandshire.  From  a  careful  examina- 
tion of  the  phenomena  presented  by  the  dykes  in  the  field,  and  by 
microscopic  sections  of  the  rocks,  he  concluded  (1)  that  the  horn- 
blende-schist has  been  developed  from  a  dolerite  by  causes  operat- 
ing after  the  consolidation  of  the  rock,  and  that  the  metamorphosis 
has  been  accompanied  by  a  molecular  rearrangement  of  the  augite 
and  the  felspar;  (2)  that  this  molecular  rearrangement  has  in 
certain  cases  taken  place  without  the  development  of  foliation; 
(3)  that  the  plasticity  which  has  led  to  the  development  of 
foliation  is  that  due  to  high  pressures  at  ordinary  temperatures. 
These  deductions  have  proved  of  great  importance  in  interpreting 
many  of  the  phenomena  of  the  Archaean  rocks. 

The  Geological  Survey  began  the  detailed  mapping  of  the 
North- West  Highlands  in  1883  by  tracing  out  the  structure  of  the 
Dumess-Eireboll  region,  which  was  completed  in  1884.  The 
results  of  their  operatibns  in  the  field  led  to  the  publication  of  a 
*•  Report  on  the  Geology  of  the  North-West  of  Sutherland,"  bj'^ 
Messrs.  Peach  and  Home  with  an  Introduction  by  Sir  Archibald 
Geikie,  then  Director-General  of  the  staff,  in  which  there  was  a 
frank  abandonment  of  the  view  advocated  by  Murchison  that  the 
quartzites  and  limestones  of  the  North- West  Highlands  are 
regularly  and  conformably  overlain  by  the  eastern  schists. 
Evidence  was  adduced  to  prove  the  existence  of  overfolding, 
reversed  faults,  and  powerful  thrusts,  whereby  the  Lewisian  gneiss 
had  been  made  to  override  the  Silurian  strata  and  the  eastern 
schists  had  been  driven  from  EireboU  for  about  ten  miles  west- 
wards to  Durness.  The  various  proofs  of  dynamic  metamorphism 
resulting  from  these  terrestrial  movements  were  briefly  indicated, 
— the  development  of  new  divisional  planes  alike  in  the  Lewisian 
gneiss,  in  the  pegmatites,  and  in  the  Silurian  sediments,  the 
obliteration  of  the  old  structures  and  the  appearance  of  new 
minerals.* 

In  1888  a  further  report,  based  on  the  field  notes  and  maps  of 
Messrs.  Peach,  Home,  Gunn,  Clough,  Hinxman  and  Cadell,  and 
containing  detailed  descriptions  and  illustrative  sections  of  the 
results  of  the  field  work  southwards  to  Loch  Broom,  was  com- 
municated to  the  Geological  Society  by  Sir  Archibald  Geikie.t 

Towards  the  close  of  1888  Professor  Lap  worth  announced  the 
important  discovery  of  the  Olenellus  fauna  in  the  west  of  England. t 
Fragments  of  that  characteristic  genus  had  been  found  by  him  on 
the  flanks  of  Caer  Caradoc  in  1885,  but  too  imperfect  for  descrip- 
tion. This  determination  was  placed  beyond  doubt  by  the  finding 
of  further  fragments  in  association  with  such  Lower  Cambrian 
forms  as  Kutorgina,  Acrothele,  etc.  At  the  end  of  this  paper  three 
tables  are  given  showing  the  classification  of  the  Cambrian  rocks 
in  (1)  North-western  Europe;  (2)  the  British  Islands;  (3)  Central 

*  Nature,  vol.  xxxi.,  p.  29,  Nov.,  1884. 
i  Quart.  Jour.  Oeol.  Soc.^  vol.  xliv.,  p.  378. 

1  **  On  the  Diiscovery  of  the  OleneUus  Fauna  in  the  Lower  Cambrian  Rocks 
of  Britain,*'  Ged.  Mag.^  new  series,  decade  3,  vol.  5,  p.  484  (1888). 
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and  South-western  Europe,  from  which  it  will  be  seen  that  he 
correlated  the  strata  containing  SaltereUa  and  the  ArehaeocyaihuB 
fauna  in  Durness  with  the  Cambrian  system. 

This  correlation  was  confirmed  in  1891  by  the  discovery  of 
carapaces  of  Olenellus  by  the  Geological  Survey  in  the  Fucoid  Beds 
and  Serpulite  Grit  in  the  Dundonnell  Forest  between  Loch  Broom 
and  Loch  Maree,  which  was  announced  by  Sir  A.  Geikie  at  the 
British  Association  meeting  at  Cardiff  in  that  year,*  and  described 
in  a  paper  commimicated  to  the  Geological  Society  in  1892.t 
This  discovery  necessarily  led  to  a  change  in  the  nomenclature  of 
two  of  the  great  rock  groups  in  the  North-West  Highlands.  The 
series  of  red  sandstones  resting  unconformably  on  the  Lewisian 
gneiss  were  termed  Torridonian  after  Loch  Torridon,  where  Nicol 
showed  that  they  are  typically  developed,  and  the  unconformable 
series  of  quartzites,  Fucoid  Beds,  SaltereUa  grit,  and  limestone  were 
now  definitely  included  in  the  Cambrian  system. 

In  1894  further  additions  to  the  fauna  of  the  OleneUus  zone  were 
described  by  Dr.  Peach  when  he  recorded  the  discovery  of  a  new 
sub-genus,  OlenelUndes,  and  some  new  species  of  trilobites  in  the 
Fucoid  Beds  near  Loch  Maree.J 

In  1888  Mr  H.  M.  Cadell  communicated  to  the  Royal  Society  of 
Edinburgh  §  an  account  of  certain  experimental  researches  as 
conducted  by  himself,  wherein  he  reproduced  some  of  the  remark- 
able structures  so  characteristic  of  the  North-West  Highlands,  to 
which  further  reference  will  be  made  in  Chapter  XXXII. 

The  intrusive  igneous  rocks  of  the  Assynt  region,  of  later  date 
than  Cambrian  time  and  yet  older  than  the  post-Cambrian  move- 
ments, have  been  specially  studied  by  Dr.  Teall,  who  in  189211 
described  a  new  type  of  igneous  rock — Borolanite — and  in  1900 
gave  a  preliminary  account  of  the  petrographical  province  com- 
prising the  plutonic  complex  of  Cnoc  na  Sroine  and  Loch  Borolan, 
and  the  various  sills  and  dykes  that  traverse  the  Cambrian  and 
Torridonian  sediments,  and  even  the  underlying  platform  of 
Lewisian  gneiss.lT 

*  Nature,  vol.  xliv.,  p.  479  ;  Rep.  Brit.  A$soc.  for  1891,  Trans,  of  Sees., 
p.  033. 

t  **The  Olenellus  Zone  in  the  North-West  Highlands  of  Scotland,"  QuaH. 
Jour.  Ged.  Soc.,  vol.  xlviii.,  p.  227. 

t  Quart,  Jour.  GeoL  Sifc.,  vol.  1.  p.  661. 
I  Trans.  Roy.  Soc.,  Edin.^  vol.  xxxv.,  p.  337. 
IITrarw.  Roy.  Soc.,  Edin.y  vol.  xxxvii.,  p.  16ii 

IT  **  Nepheline-Syenito  and  it«  Associates  in  the  North-west  of  Scotland," 
Geol.  Mag.,  new  series,  decade  4,  vol.  vii.,  p.  385. 
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PART  I.— THE  LEWISIAN  GNEISS. 


SECTION  I— GENERAL  ACCOUNT  OF  THE  GNEISS. 


CHAPTER  III. 

CHIEF  PETROGRAPHICAL   CHARACTERS,   DISTRIBUTION,   AND 

STRUCTURE.* 

In  presenting  a  general  summaiy  of  the  Lewisian  gneisses  and 
aduete  along  the  western  seaboard  of  Sutherland  and  Boss,  attention 
will  be  directed,  first,  to  the  classification  and  main  petrographical 
ehsracters  of  these  rocks  as  determined  by  Dr.  Teall,  and  described 
by  him  in  detail  in  Chapters  IV.-VII. ;  and,  second,  to  their  distri- 
bation  and  8tmctui*al  relations  as  worked  out  in  the  field. 

Qmi^ral  Petrographical  Characters, — The  Lewisian  gneiss  of 
this  region  may  be  separated  into  (1)  a  Fundamental  Complex, 
oomposed  (a)  mainly  of  gneisses  that  have  affinities,  both  chemically 
and  niineralogically,with  plutonic  igneous  products,  and  (b)  partly  of 
crystalline  schists,  which  may  be  regarded  as  probably  of  sedi- 
mentary origin ;  (2)  a  great  series  of  igneous  rocks  intrusive  in 
that  oomplex,  in  the  form  of  dykes  and  sills. 

I.  Bodes  of  probably  Plutonic  Origin. — Those  members  of  the 
complex  that  have  affinities  with  plutonic  rocks  contain,  as  their 
chief  mineral  constituents,  olivine,  augite,  including  diallage, 
Inrpersthene,  hornblende,  biotite,  plagioclase,  microcline,  ortho- 
ciaset  and  quartz,  which  enter  into  the  composition  of  peridotites, 
gabbros,  diorites,  and  granites.  The  term  gneiss  is  not  strictly 
applicable  to  many  of  the  members  of  this  series,  owing  partly 
to  their  massive  character  and  partly  to  the  absence  in  places  of 
mineral  banding,  but  it  is  here  adopted  for  the  sake  of  convenience 
of  description.  The  classification  of  these  rocks,  proposed  in  1894 
by  Dr.  Teall,t  is  based  mainly  on  their  mineralogical  composition, 
bnt  partly  on  their  structure.  From  the  subjoined  table  it  will  be 
seen  that  the  classification  of  three  of  the  groups  is  determined 
by  the  nature  of  the  ferro-magnesian  constituent,  while  a  fourth 

♦  By  J.  Home. 

t  Annual  Report  of  Geological  Survey  for  1894,  p.  280 ;  and  for  1895,  p.  17 
of  reprint. 
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is  composed  of  ferro-magnesian  minerals  without  felspar  or  quarts, 
and  a  fifth  is  characterised  by  the  presence  of  both  muscovite 
and  biotite. 

(I.)  Rocks  composed  of  ferro-magneAian  minerals  without  felspar  or 
quartz,  comprifling  (A)  peridotites,  pyroxenites  and  banded 
hornblende  rocks,  (B)  hornblende  rocks  not  included  in  the 
banded  series, 
(n.)  Rocks  in  which  pyroxene  is  the  dominant  ferro-magnesian  con- 
stituent, felspar  always  and  quartz  sometimes  present.  These 
include  (A)  rocks  without  quartz  such  as  pyroxene-granulite, 
(B)  with  (juartz,  of  which  augite-gneiss  is  a  representative  type. 

(IIL)  Rocks  in  which  hornblende  is  the  chief  ferro-magnesian  minend, 
felspar  being  almost  always  present.  These  embrace  (A)  rocks 
without  quiutz  or  nearly  so,  and  basic  in  composition,  either 
massive  (epidote-amphibiolite  or  gamet-amphibolite)  or  schistose 
(hornblende-schist  or  -gneiss),  and  (B)  with  quartz,  of  which  the 
granular  hornblende-gneiss  is  an  excellent  example. 

(IV.)  Rocks  in  which  biotite  is   the   dominant   ferro-magnesian   con- 
stituent, both  felspar  and  quartz  being  present,  comprising 
biotite-gneiss  proper  and  granulitic  biotite-gneiss. 
(V.)  Rocks  in  which  biotito  and  muscovite  occur  together  with  quarts 
and  felspar ;  muscovite-biotite-gneisses. 

(I.)  The  ultra-basic  rocks  of  the  first  group  have  only  a  limited 
development  in  the  Fundamental  Complex  and  are  older  than  the 
more  acid  gneisses  that  enclose  them.  The  hornblende  rocks 
(I.  B)  are  always  associated  with  those  containing  pyroxene  (I.  A.). 

(II.)  The  early  basic  members  of  the  Complex  are  more  largely 
represented  than  those  of  the  ultra-basic  series,  and  include, 
among  other  types,  pyroxene-granulite  and  pyroxene- rocks 
resembling  gabbros  (IT.  A),  together  with  gamet-amphibolite  and 
epidote-amphibolite  (III.  A).  Like  the  rocks  of  the  first  group, 
the  early  basic  members  are  older  than  the  more  acid  gneisses  that 
surround  them,  and  are  usually  banded  and  folded  with  the  latter. 

The  pyroxene-gneisses  with  quartz  form  an  important  sub-division 
of  the  second  group  (II.  B)  and  have  a  definite  geographical 
distribution  in  the  North- West  Highlands.  One  of  the  most 
characteristic  features  is  the  blue  quartz  which  they  contain,  and 
by  means  of  which  they  can  be  readily  identified.  This  ingredient 
resembles  the  blue  quartz  found  in  some  of  the  metamorphic  grits 
of  the  South-Easteni  Highlands  and  in  the  basal  Cambrian 
quartzites.  These  gneisses  pass  imperceptibly  into  the  hornblende 
gneisses  (III.  B.)  through  the  replacement  of  the  pyroxene  by 
hornblende. 

Apart  from  the  pyroxene  gneiss,  the  hornblende-gneiss  proper, 
with  gi'anular  structure  (III.  B),  is  largely  developed  in  the  Funda- 
mental Complex,  and  within  well-defined  limits.  It  is  always 
banded,  and  the  hornblende  rarely  shows  idiomorphism,  being 
frequently  moulded  on  the  quartz  and  felspar.  This  type  often 
contains  a  green  pyroxene  as  well  as  hornblende.  These  rocks  are 
regarded  as  an  intermediate  series  bearing  the  same  relation  to 
quailz-diorites  that  the  pyroxene-gneisses  do  to  the  gabbros. 

(III.)  The  granulitic  types  of  the  third  group,  in  which  hornblende 
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is  the  chief  ferro-magnesian  constituent,  are  characteristic  of  the 
pre-Torridonian  lines  of  movement  or  shear  zones,  to  which  attention 
will  be  presently  directed.  Indeed,  in  certain  areas,  as  for  instance, 
Uona,  Raasay,  and  Poolewe,  where  the  later  basic  dykes  have  been 
foliated,  it  is  difficult  in  some  cases  to  separate  them  from  the 
foliated  basic  rocks  of  the  original  Complex. 

(IV.)  The  biotite-gneisses  embraced  in  the  fourth  group  may 
have  been  formed  in  various  ways.  Some  of  them  possibly 
represent  altered  sediments,  some  may  be  foliated  granites,  while 
others  may  have  been  derived  by  dynamic  metamorphism  from 
pyroxene  and  honiblende-gneisses.  Those  types  in  which  biotite 
occurs  in  independent  plates  or  aggregates,  with  a  structure  more 
or  less  granular,  are  associated  with  the  granular  hornblende- 
gneisses  in  certain  districts.  It  is  possible  that  some  of  the 
later  foliated  granites,  especially  in  the  area  north  of  Laxford,  may 
have  been  classed  with  the  biotite-gneisses  of  the  Fundamental 
Complex.  The  quartz  of  the  biotite-gneiss  contains  many  minute 
indeterminable  inclusions,  but  shows  no  trace  of  the  minute  hair- 
like bodies  so  common  in  the  blue  quartz  of  the  pyroxene-gneiss. 

(V.)  The  muscovite-biotite-gneisses  of  the  fifth  group  have  also  a 
well-defined  distribution  in  the  southern  district.  In  some  areas, 
as  in  Meall  Rhiabhach,  north  of  Loch  Maree,  they  have  under- 
gone much  dynamic  metamorphism. 

By  means  of  a  series  of  photographs  of  rock-structures  taken 
in  the  field,  the  processes  are  illustrated  in  Chapter  V.  whereby 
the  original  members  of  the  Fundamental  Complex  may  have  been 
developed,  such  as  various  stages  in  the  separation  of  the  acid  and 
basic  constituents,  the  differentiation  in  place  of  the  felspathic  and 
h'omblendic  elements,  and  the  intrusion  of  the  residual  mother 
liquor,  the  gradual  passage  from  a  brecciated  condition  without 
parallel  arrangement  to  a  banded  structure,  and  finally  the  inclu- 
sion of  fragments  of  biotite-gneiss  in  a  mass  of  similar  material 
and  the  compression  of  the  various  members  into  parallel  bands. 
It  is  inferred  that,  after  the  separation  of  the  acid  and  basic 
materials,  either  by  differentiation  during  fluxion  or  by  separate 
intrusion,  the  members  of  the  original  complex  must  have  been 
subsequently  affected  by  plastic  deformation. 

II.  The  Altered  Sediments, — The  crystalline  schists  that  have 
affinities  with  altered  sedimentary  rocks  belong  to  several  distinct 
types.  They  include  (1)  dark-bro\^Ti  platy  schist;  (2)  silvery 
mica-schist,  with  idiomorphic  garnets ;  (3)  dark-grey  granulitic 
biotite-schist ;  (4)  graphitic  schists,  with  black  carbonaceous  matter 
distributed  in  parallel  folia  throughout  and  actually  traversing  the 
hornblende,  thus  showing  that  the  latter  mineml  had  grown  in 
place  before  being  deformed;  (5)  quartz-magnetite-granulites, 
resembling  the  rocks  of  the  Penokee  iron-bearing  series  described 
by  Irving  and  Van  Hise ;  (6),  the  calcareous  rocks,  comprising 
limestone,  dolomite,  cipoline,  with  tremolite,  chlorite,  garnet,  and 
epidote.  These  presumably  altered  sediments  are  restricted  mainly 
to  the  Loch  Maree  district,  and  have  only  a  limited  development, 
as  will  be  shown  in  the  sequel. 
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III.  Laier  Intrusions  {Dykes  and  Sills). — The  great  series  of 
igneous  rocks  intrusive  in  the  Fundamental  Complex,  in  the  form 
of  dykes  and  sills,  maybe  arranged  in  four  groups — (1)  ultra-basic 
— ^picrites ;  (2)  basic — comprising,  among  other  types,  hyperite, 
gabbro,  diabase,  enstatite-diabase,  and  epidiorite ;  (3)  intermediate 
— microcline-mica-rocks,  and  biotite-diorite ;  (4)  acid — granite 
and  pegmatites.  In  the  areas  of  unmodified  gneiss,  particularly  in 
the  district  between  Scourie  and  Loch  Broom,  the  ultra-basic  and 
basic  intrusions  preserve  their  dyke-like  character,  showing  clearly 
that  they  rose  along  vertical  or  highly  inclined  fissures,  after  the 
development  of  the  early  banding  or  foliation  in  the  gneisses  of  the 
Fundamental  Complex.  ^Phe  trend  of  the  basic  dykes  is  usually 
W.N.W.,  that  of  the  ultra-basic  group  more  nearly  east  and  west, 
and  that  of  the  granite  sills  and  dykes  generally  W.N.W.  The 
field-evidence  proves  the  ultra-basic  dykes  to  be  later  than  the 
basic  in  the  Assynt  region,  and  the  granite  sills  and  pegmatites  to 
have  been  intruded  into  the  gneisses  after  the  eruption  of  the  basic 
dykes.     (Plates  II.  and  XXI.) 

IV.  Effects  of  Pre-Torridonian  Movements. — The  detailed  mapp- 
ing of  the  belt  of  country  lying  to  the  west  of  the  post-Cambrian 
displacements  has  shown  that,  after  the  eruption  of  the  ultra-basic, 
basic,  and  intermediate  dykes,  the  whole  area  was  in  pre- 
Torridonian  time  subjected  to  earth  movements  which,  affecting 
both  the  various  members  of  the  Fundamental  Complex  and  also 
these  later  intrusions,  gave  rise  to  rapid  plication  of  the  strata  and 
to  lines  of  disruption  or  shear-zones,  accompanied  or  followed  by 
re-crystallisation  of  the  original  constituents,  development  of 
foliation,  and  occasional  mylonisation  of  the  rocks.  The  new  planes 
of  foliation  are  more  or  less  parallel  with  the  axial  planes  of 
folding,  or  with  the  planes  of  disruption. 

These  pre-Torridon  lines  of  disruption  and  shearing  generally 
run  east  and  west  or  W.N.W.,  that  is,  approximately  parallel  with 
the  dykes.  Where  the  direction  is  east  and  west,  the  basic  dykes 
are  deflected,  attenuated,  and  converted  into  hornblende-schist, 
while  the  original  gneiss  may  be  thrown  into  sharp  folds,  and 
undergo  such  a  molecular  rearrangement  of  its  constituents  as 
to  become  a  graiiulitic  gneiss.  Similar  effects  have  also  been 
often  produced  in  the  reconstruction  of  the  dykes  and  gneiss,  when 
the  trend  of  the  movements  has  been  toward  W.N.W.  the  picrite 
dykes  then  passing  into  talcose  schists.  In  connection  with  the 
basic  intnisions  it  is  of  special  importance  to  note  that  in  the 
Routhem  tracts,  where  the  dykes  are  represented  by  hornblende- 
schists,  which  seem  to  become  an  integral  part  of  the  Fundamental 
Complex,  and  where  intrusive  junctions  are  only  occasionally  met 
with,  biotite-gneisses  and  hornblende-gneisses  are  characteristic- 
ally developed. 

The  granite  intrusions,  so  well  displayed  north  of  Laxford,  are 
likewise  foliated,  the  parallel  arrangement  of  the  constituent 
minerals  being  chiefly  marked  by  the  orientation  of  the  mica.  In 
that  region  the  field-evidence  points  to  the  conclusion  that  they 
cut  the  hornblende-schists,  and  that  they  were  probably  intruded 
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before  the  violent  plication  of  the  gneisses.  Cataclastic  stmctures 
are  nsnally  absent,  but  the  foliation  may  nevertheless  be  due  to 
dynamic  metamorphism. 

V.  Distribution  of  the  Fundamental  Complex. — A  brief  reference 
Eiay  here  be  made  to  the  distribution  of  the  Fundamental  Complex 
throughout  the  region  between  Cape  Wrath  and  Skye,  to  the 
structural  relations  of  the  altered  sediments  in  that  complex,  and 
to  the  light  thrown  on  the  history  of  the  Ijewisian  Gneiss  by 
the  various  modifications  of  the  later  igneous  intrusions.  By  the 
detailed  mapping  of  the  Survey,  the  members  of  the  Fundamental 
Complex  have  been  ascertained  to  present  a  more  or  less  definite 
distribution.  Hence  the  belt  has  been  divided  into  three  districts : 
the  first  extending  from  Cape  Wrath  to  a  line  drawn  between 
Laxford  and  Scourie,  the  second  from  near  Scourie  to  Loch  Broom, 
and  the  third  from  Gruinard  Bay  to  Loch  Torridon  and  the  island 
of  Baasay. 

In  the  central  district,  from  near  Scourie  to  Loch  Broom,  the 
characteristic  feature  of  the  complex,  in  the  unmodified  areas,  is 
the  remarkable  development  of  grey  pyroxene-gneiss  with  the 
earlier  ultra<basic  and  basic  masses  (pyroxenites,  homblendites, 
pyroxene-granulites,  and  gamet-amphibolites).  As  these  rocks 
had  been  previously  thrown  into  more  or  less  gentle  folds,  the 
later  basic  and  ultra-basic  dykes  can  be  traced  through  them  with 
comparative  ease.  The  lines  of  pre-Torridonian  movement,  with 
their  folding,  disruption  and  structural  modifications  of  the 
gneiss  and  dykes,  are  likewise  clearly  displayed. 

But  in  the  district  between  Laxford  and  Cape  Wrath  the 
essential  features  of  the  complex  are  wholly  different.  Granular 
hornblende-gneisses  and  biotite- gneisses  here  prevail,  while  the 
pyroxene-gneiss  with  blue  quartz  is  absent.  The  basic  dykes 
are  easily  traceable,  though  partly  in  a  foliated  form,  across  the 
belt  of  ground  that  intervenes  between  Scourie  and  the  great 
granite  sills  south  of  the  Laxford  river,  but  further  north  they 
appear  in  the  form  of  bands  of  hornblende-gneiss,  which  can  be 
followed  only  for  short  distances.  Across  the  same  belt  also  the 
gneisses  begin  to  be  folded  on  highly-inclined  axes  that  strike 
north-west  and  south-east.  The  parallel  lines  of  movement 
approach  each  other  more  closely  until  little  of  the  pyroxenic 
gneiss  is  left  unmodified.  The  structure  of  the  gneisses  now 
becomes  granulitic,  hornblende  and  biotite  are  the  dominant 
ferro-magnesian  minerals,  and  the  hornblende  presents  a  linear 
orientation.  As  the  observer  crosses  the  southern  margin  of  the 
great  sill-like  intrusions  of  granite  near  Ben  Stack,  and  advances 
northwards  beyond  Laxford  to  Loch  Inchard,  he  finds  the  members 
of  the  Fundamental  Complex  to  be  either  very  coarsely  granulitic 
or  granular  in  structure ;  granular  hornblende-gneiss,  hornblende- 
biotite-gneiss,  and  biotite-gneiss  proper  being  the  chief  types. 
Coincident  with  the  appearance  of  these  varieties  of  gneiss  there 
is  a  great  development  of  granite  sills  and  dykes,  which  have  been 
injected  mainly  along  the  early  foliation  planes  of  the  gneisses. 
So  minute,   and  at  the  same  time  so  extensive,  has  been  this 


38  The  Leunsian  Gneiss. 

intrusion  of  acid  igneous  material,  that  the  members  of  the  complex 
have  been  isolated  in  lenticles,  while  even  lit  par  lit  injection  is 
not  uncommon  in  certain  localities.  Hence  it  is  sometimes 
difficult  to  separate  the  foliated  granites  or  granite-gneisses  from 
the  biotite-gneisses  proper.  If  what  have  been  regarded  as  relics 
of  basic  dykes  in  some  instances  near  Laxford,  and  even  further 
north,  are  correctly  interpreted,  then  the  linear  or  plane>parallel 
foliation,  which  is  characteristic  of  the  dykes  in  the  central  and 
southern  districts,  has  here  been  replaced  by  the  short  crystal- 
lisation that  forms  such  a  striking  feature  of  the  granular  horn- 
blende-gneisses over  the  northern  district  from  I^xford  to  Cape 
Wrath  and  Loch  Eireboll.  But,  perhaps,  the  short  crystallisation 
may  be  regarded  as  a  variety  of  the  linear  type. 

These  types  of  gneiss  in  the  Fundamental  Complex  between 
Laxford  and  Loch  Inchard  and  the  plexus  of  granite  and  pegmatite 
intrusions  continue  north  to  Cape  Wrath  and  Durness.  At  intervals 
the  gneisses  are  thrown  into  gentle  folds,  while  in  other  areas 
they  are  sharply  plicated  along  highly-inclined  axial  planes  that 
strike  noiiih-west  and  south-east.  Few  shear-lines  or  thrust-planes 
have  been  detected  north  of  the  great  granite  sills  at  Laxford. 

In  the  southern  district  that  stretches  from  Gruinard  Bay  to 
Loch  Torridon  and  Raasay  the  rocks  present  certain  distinctive 
features  which  differentiate  them  from  those  of  the  central  and 
northern  districts.  From  the  former  they  are  distinguished  by 
the  absence  or  comparative  absence  of  the  pyroxene-gneiss  with 
blue  quartz,  and  by  the  presence  of  biotite-gneiss,  homblende- 
biotite-gneiss,  and  granular  hornblende-gneiss,  resembling  in 
certain  areas  the  Laxford  and  Cape  Wrath  types.  The  rocks 
differ  from  those  of  the  northern  district  in  the  abundance  of  the 
basic  dyke-intrusions,  which  there  appear  either  in  the  massive 
form  or  as  hornblende-schists.  Further,  they  differ  from  the 
rocks  of  the  central  and  northern  districts  in  the  abundance  of 
augen-gneisses,  with  biotite  as  the  dominant  ferro-magnesian 
constituent. 

In  the  Gruinard  part  of  the  district,  the  Fundamental  Complex 
is  characterised  by  ultra-basic  rocks  (peridotites,  pyroxenites,  and 
hornblendites)  and  early  basic  masses,  comprising  diorites, 
garnet-amphibolites,  and  hornblende-pyroxene-granulites,  which 
have  only  a  limited  development.  The  dominant  type  of  gneiss, 
which  is  a  grey  acid  rock  with  biotite  and  sometimes  muscovite, 
invades  and  isolates  the  older  ultra-basic  and  basic  members.  In 
this  area  the  acid  biotite-gneiss  plaj^s  the  same  part  as,  in  the  Loch- 
inver  tract,  the  pyroxene-gneiss  with  blue  quartz  does  to  the  older 
basic  gneisses.  In  the  northern  portion  of  the  district  the 
banding  of  the  grey  gneiss  is  crude  and  irregular,  and  the  basic 
dykes  are  then  massive,  though  in  the  form  of  epidiorites,  their 
intrusive  character  being  well  defined.  It  is  noteworthy  that  the 
sequence  of  the  later  basic  and  ultra-basic  intrusions  that  prevail 
in  the  central  district  (Assynt)  seems  here  to  be  reversed ;  for  the 
Fundamental  Complex  is  intersected  by  some  irregular  dyke-like 
masses  of  ultra-basic  material,  while  these  are  in  turn  cut  by  the 
basic  dykes. 
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SonthwftidSy  from  Gminard,  and  to  the  west  of  the  Fioiin 
Loch,  the  basic  dykes  and  acid  biotite-gneiss  are  thrown  into  a 
great  anticline,  the  axis  of  which  runs  north-west  and  south-east  in 
the  direction  of  Dubh  Loch,  near  Cammore.  Along  this  arch  the 
foliation  of  the  gneiss  is  usually  well-defined,  and  the  dykes,  now 
mostly  in  the  form  of  hornblende-schist  can  be  traced  round  the 
end  of  the  arch.  Advancing  southwards  from  the  Fionn  Loch 
towards  Loch  Maree,  we  find  the  same  type  of  acid  biotite-gneiss, 
with  its  early  basic  masses  and  later  dyke-intrusions  arranged  in 
a  great  compound  syncline,  which  encloses  one  of  the  belts  of  altered 
sedimentary  rocks  above  referred  to.  But  even  in  certain  areas 
beyond  Loch  Maree,  as,  for  instance,  in  a  triangular  patch  south-east 
of  Creag  Mhor  ThoUie,  along  the  shore  of  that  loch,  and  between  Bad 
an  Sgalaig  and  a  point  two  miles  north  of  Loch  Torridon,  it  is  still 
possible  to  separate  with  ease  the  augen-biotite-gneiss  with  the 
early  basic  masses  from  the  later  dykes.  South  of  these  limits, 
in  Loch  Torridon,  in  Bona,  and  in  the  north  part  of  Kaasay  intrusive 
junctions  are  rare,  and  the  later  basic  dykes  appear  as  bands  of 
hornblende-schist,  which  may  be  said  to  form  now  an  integi'al 
part  of  the  Fundamental  Complex.  Allusion  may  here  be  made 
to  an  example  of  the  development  of  linear  foliation  and  plane- 
parallel  foliation  alike  in  dykes  and  gneiss  between  Loch  Maree 
and  Gairloch,  which  is,  perhaps,  the  finest  instance  along  the  whole 
belt  from  Cape  Wrath  to  Skye. 

South  of  Poolewe  the  members  of  the  Fundamental  Complex  and 
the  later  basic  dykes  are  thrown  into  a  broad  arch,  the  axis  of 
which  runs  north-west  and  south-east,  as  is  well  sho^vn  on  the 
map  (Sheet  91).  Before  this  anticlinal  arrangement  was 
developed  the  dykes  and  gneiss  had  been  plicated  on  more  or  less 
highly-inclined  vertical  axes,  the  dykes  being  rendered  schistose 
in  part.  The  later  system  of  folding,  however,  produced  a  com- 
plete rearrangement  of  the  constituents  both  in  dykes  and  gneiss. 
The  latter  rock  consists  there  of  augen-biotite  gneiss,  with  ultra- 
basic  and  basic  masses,  traversed  by  basic  dykes  which  show  types 
of  foliation  that  difier  according  as  they  have  been  developed  on 
the  crest  or  limbs  of  the  arch.  In  the  former  case,  where  the 
basic  dykes  are  nearly  flat  and  still  show  intrusive  junctions 
as  they  curve  round  the  end  of  the  anticline,  linear  foliation  or 
"  rodding "  is  developed,  which  is  parallel  with  the  pitch  of  the 
flexures.  In  the  limbs  of  the  fold,  on  the  other  hand,  plane- 
parallel  foliation  appears  alike  in  the  dykes  and  gneiss,  the  planes 
common  to  both  rocks  dipping  away  from  the  anticlinal  axis,  that 
is,  to  the  north-east  and  south-west.  It  would  thus  appear  that 
differential  movement  of  the  constituents  may  be  superinduced  by 
folding,  which  may  lead  to  partial  or  complete  reconstruction  of 
the  dykes  and  gneiss,  and  to  the  development  in  them  of  common 
planes  of  schistosity. 

On  the  shores  of  Loch  Torridon  and  on  both  sides  of  Loch 
Shieldaig,  biotite-gneisses,  with  some  early  basic  masses,  prevail, 
both  being  traversed  by  bands  of  hornblende-schist,  representing 
the  basic  dykes.     A  large  portion  of  the  gneiss  is  there  composed 
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of  a  highly  acid  rock  composed  of  quartz  and  felspar,  like  a 
foliated  pegmatite.  The  members  of  the  complex  are  folded  on 
more  or  less  highly-inclined  axial  planes  striking  north-west  and 
80uth<-east. 

Again,  in  Bona  and  Raasay,  the  dominant  member  of  the 
complex  is  biotite-gneiss  with  microcline,  while  hornblende-gneiss 
is  not  uncommon.  The  latter  rock,  where  relative  age  is 
determinable,  is  the  older  of  the  two.  Dark  bands  of  hornblende- 
schist  likewise  occur,  and  are  the  only  portions  that  can  be 
separately  mapped.  Obviously  they  represent  basic  dykes, 
although  they  now  appear  as,  apparently,  an  integral  part  of  the 
complex.  Hnk  and  white  pegmatites  are  there  associated  with 
the  Lewisian  gneiss,  microcline  being  the  characteristic  felspar  of 
the  former  and  oligoclase  of  the  latter. 

VI. — Distribution  and  Structural  Belations  of  the  AUered  Sedi- 
ments.— Brief  reference  may  now  be  made  to  the  distribution  and 
the  structural  relations  of  the  altered  sediments  in  regard  to  the 
members  of  the  Fundamental  Complex.  Besides  minor  bands,  two 
well-marked  belts  of  these  rocks  stretch  along  the  valley  of  Loch 
Maree,  one  on  each  side  of  the  lake.  They  lie  in  compound 
synclinal  folds  of  the  Lewisian  gneiss  (Plate  XXX.),  and  are 
traversed  by  a  great  sheet  of  hornblende-schist.  (Ben  Lair, 
near  Letterewe,  Sithean  Mor,  near  Gairloch).  The  long  axes 
of  these  compound  synclines  run  nort.h-west  and  south-east.  The 
detailed  mapping  of  this  region  has  not  furnished  any  clear 
evidence  to  show  that  the  gneiss  is  intnisive  in  the  altered  sedi- 
ments, but,  in  certain  places,  the  two  are  so  intimately  associated 
as  to  suggest  that  such  may  have  been  the  case.  North  of  Loch 
Maree  these  sediments  undoubtedly  rest  on  a  platform  of  acid 
biotite-gneiss  with  basic  dykes,  and  are  locally  overlain  by  a  part  of 
the  Fundamental  Complex,  consisting  of  biotite-gneiss  with  basic 
dykes  in  the  form  of  hornblende-schists  (Meall  Riabhach).  This 
overlying  cake  of  gneiss  reveals,  under  the  microscope,  cataclastic 
structures  due  to  dynamic  movement,  and  near  its  line  of  junction 
with  the  underlying  sediments  there  are  bands  of  mylonised  rock. 
The  superposition  of  the  gneiss  on  the  sediments  is  here  due  to 
folding  and  thrusting.  It  is  obvious,  therefore,  that,  whatever 
may  have  been  the  original  relations  of  the  sediments  to  the 
Lewisian  gneiss,  these  have  been  modified  by  subsequent  earth 
stresses,  and  that  both  have  been  affected  by  a  common  system  of 
folding. 

Along  the  line  of  complication  between  EireboU  and  Skye  over- 
whelming evidence  has  been  obtained  that  slices  of  Lewisian  gneiss 
were  displaced  and  driven  westwards  by  the  post-Cambrian 
movement,  as  fully  described  in  Chapter  XXXII.  That  these 
isolated  masses  are  in  reality  portions  of  the  Archaean  floor  doe« 
not  admit  of  doubt,  for  they  include  representatives  of  many  of  the 
characteristic  types  of  gneiss  to  the  west,  with  the  later  ultra-basic, 
basic,  and  acid  intrusions,  and  in  many  cases  are  covered  uncon- 
formably  by  the  Torridon  Sandstone  and  Cambrian  strata. 
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SECTION   IL— PETROGRAPHY  OF  THE  LEWISIA^' 

GNEISS. 

A.  THE  FUNDAMENTAL   COMPLEX. 


CHAPTER  IV. 

DETAILED  ACCOUNT  OF  PETROGRAPHICAL  CHARACTERS.* 

In  speaking  of  the  geology  of  that  portion  of  the  north-west  of 
Scotland  which  lies  west  of  the  zone  of  thrusting,  it  has  become 
customary  to  nse  the  term  "  Lewisian  gneiss "  for  the  rocks 
forming  the  old  floor  on  which  the  Torridonian  sediments  were 
deposited.  These  rocks,  however,  vaiy  in  age  and  character,  and 
they  are  not  always  gneisses  in  the  ordinary  petrographical  sense. 
Detailed  mapping  has  revealed  the  fact  that  the  oldest  group  of 
rocka  has  been  invaded  by  a  set  of  later  intrusions  in  the  form  of 
dykes  and  sills.  These  later  rocks  are  in  some  cases  clearly 
separable  from  the  older  complex ;  but  in  others  they  have  been 
80  modified  by  subsequent  movements  and  so  incorporated,  as  it 
were,  in  the  older  group,  that  the  work  of  separation  becomes 
extremely  difficult,  if  not  actually  impossible.  It  is  clear,  there- 
fore, that  the  Lewisian  gneiss  is  not  a  geological  formation  in  the 
ordinary  sense  of  the  word.  Even  if  we  exclude  from  it  the  later 
dykes  and  sills,  there  still  remains  a  petrographical  complex  which 
future  research  will  probably  separate  into  its  component  parts. 
As  matters  stand  at  present,  the  pre-Torridonian  rocks  may  be 
roughly  grouped  as  follows : — 

(1)  Fundamental  Complex. 

(2)  Ultra-basic  dykes. 

(3)  Dykes  and  sills  of  dolerite  (diabase),  epidiorite,  and  hon^- 
blende-schist. 

(4)  A  few  dykes  of  exceptional  composition. 

(5)  Granites  and  pegmatites. 

Turning  now  to  the  Fundamental  Complex,  the  first  point  to  be 
noticed  is  that,  notwithstanding  its  extreme  })etrc)gra])liical 
diversity  and  the  occurrence  of  a  few  exceptional  types,  the  rocks, 
over  the  greater  portion  of  the  area  in  (juestion,  have*  decided 
affinities,  both  as  regards  chemical  and  mineralogical  composition, 
with  plutonic  igneous  products.  They  are  mainly  composed  of 
olivine,    augite    (including    diallage),    hypersthene,    hornblende, 

♦By  J.  J.  H.  Teall,  written  in  1894  and  1895. 
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biotite,  plagioclase,  microcline,  oithoclase,  and  quartz;  or,  in  other 
words,  of  the  minerals  which  enter  into  the  composition  of  peri- 
dotites,  gabbros,  diorites,  and  granites.  Not  only  are  the  minerals 
the  same  as  those  of  plutonic  rocks,  but  the  laws  of  paragenesis 
are  also  the  same ;  and  this  is  true,  not  only  of  the  essential 
minerals  above  alluded  to,  but  also  to  a  great  extent  of  the  acces- 
sory constituents  which  do  not  form  any  large  portion  of  the 
rocks.  It  is  mainly  when  attention  is  paid  to  the  distribution  of 
the  minerals  in  the  rock-masses  that  the  distinctive  features  of  the 
complex  become  apparent.  No  one  petrographical  type  is  found 
to  be  persistent  over  any  extensive  area.  Gradual  or  sadden 
changes  in  the  relative  proportions  of  the  constituent  minerals  are 
almost  everywhere  recognisable.  Some  reference  to  what  may  be 
called  the  architectural  features  of  the  complex  will  be  made  after 
the  rocks  have  been  described,  but  at  present  it  will  suffice  to  refer 
to  Plates  VI.  to  XVIII. 

Although,  as  a  general  rule,  the  rocks  of  the  Fundamental 
Ck)mplex  of  gneiss  and  schist  show  decided  affinities  with  plutonic 
igneous  products,  this  is  not  always  the  case.  Thus,  as  already 
mentioned,  in  the  neighbourhood  of  Gairloch  and  Loch  Maree,  we 
find  platy  mica-schists,  limestones,  graphite-schist,  and  other  rocks 
more  or  less  resembling  metamorphosed  sedimentarj*^  deposits.  It 
will  be  convenient,  therefore,  to  separate  the  description  of  the  rocks 
of  the  Fundamental  Complex  into  two  parts,  and  to  deal  first  of  all 
with  those  which  have  affinities  with  igneous  products,  and  after- 
wards with  the  more  or  less  exceptional  rocks  of  the  Guirloch  and 
Loch  Maree  district.  It  must,  however,  be  remembered  that 
sediments  of  the  arkose  type  approximate  very  closely  in  chemical 
and  even  in  mineralogical  composition  to  certain  plutonic  rocks, 
and  that,  in  the  process  of  metamorphism,  the  distinctive  structural 
features  may  be  lost.  Some  gneisses  of  really  sedimentary  origin 
may,  therefore,  be  included  in  the  group  of  rocks  having  affinities 
with  plutonic  rocks. 

In  any  attempt  to  deal  with  these  rocks  from  a  petrographical 
point  of  view,  we  are  met  at  the  outset  with  the  difficulty  as  to  the 
use  of  the  term  gneiss.  As  ordinarily  employed  this  term  connotes 
not  only  a  certain  structure,  but  also  a  certain  mineralogical 
composition.  A  gneiss  should  contain  the  same  minerals  as  a 
granite,  and  also  some  form  of  parallel  structure.  Now,  the 
Lewisian  gneiss  contains  the  mineralogical  equivalents  of  biotite- 
granites,  hornblende-granites,  and  augite-granites,  as  well  as  other 
rocks  to  which  the  term  gneiss  is  mineralogically  inapplicable. 

The  parallel  structure  implied  by  this  term  varies  greatly  in 
difierent  cases.  It  may  be  due  simply  to  the  orientation  of  one  or 
more  of  the  constituents,  or  to  a  variation  in  the  relative  proportions 
of  the  difierent  constituents  in  different  layers.  In  the  latter  case, 
the  banding  may  be  on  so  small  a  scale  as  to  be  easily  recognisable 
in  hand  specimens ;  or  it  may  occur  on  so  large  a  scale  as  to  be 
only  visible  in  the  mass.  When  this  is  the  case,  hand  specimens 
may  appear  perfectly  massive ;  though,  as  a  general  rule,  some  trace 
of  orientation  of  the  constituents  may  be  recognised. 
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In  the  biotite-gneisses  other  types  of  parallel  structure  may 
occur.  Aggregates  of  biotite  may  form  thin  and  more  or  less  wavy 
films  or  '*Saser/'  These  films  may  be  isolated  in  the  quartzo- 
felspathic  mass,  or  they  may  inin  together,  thus  separating  the 
quartzo-felspatbic  portion  of  the  rock  into  phacoids  or  lenticles. 
Such  rocks  are  termed  "  flaser-gneiss "  in  Germany,  and  we  may 
conveniently  adopt  the  same  expression.  They  are  rare  in  the 
north-west  of  Scotland,  where  the  gneisses  are  usually  of  the  banded 

In  classifying  the  rocks  either  with  reference  to  structure  or 
composition,  difficulties  arise  in  consequence  of  transitions  in  various 
directions.  Many  schemes  have  been  drawn  up,  and  the  following 
one,  based  primarily  on  mineralogical  composition  and,  to  a 
sabordinate  extent,  on  structure,  has  been  finally  adopted  for 
descriptive  purposes.  Theoretical  considerations  have  been 
excluded,  so  that,  whatever  views  may  l>e  finally  established  as  to 
the  origin  of  this  remarkable  complex,  it  is  hoped  that  the  broad 
general  fectB  will  be  found  to  have  been  correctly  recorded. 

I. — Rocks  composed  of  ferro-inagnesian  minerals ;  without  felHpur  or 
quartc 

A,  Peridotites,    serpentines,   pyroxenites   and   banded    hornblende- 

rocks. 

B,  Hornblende-rocks  not  included  in  the  banded  (proup. 

(1)  Those  which  consist  of  pale-coloured  hornblende,  occurring 

in  confused  aggregates. 

(2)  Those  in  which  hornblende  occurs  as  compact  grains  and 

prisms. 

(3)  Those  in  which  anthophyllite  is  present. 

(a)  Anthophyllite-nomblonde-rocks. 
(6)  Calc-anthophyllite  rocks. 

II. — Rocks  in  which  pyroxenes  are  the  dominating  ferro-magnesian 
minerals  ;  felspar  always,  and  (juartz  sometimes,  preHent. 

A,  Without  quartz,  or  containing  it  only  Jis  an  unimportant  accessory. 

(1)  Hypersthene-augite-p^gioclase  rocks. 

(a)  With  garnet :  pyroxene-gi-anulite. 
(6)  Without   garnet :    rocks    of    the    Baltimore-gabbro 
type. 

(2)  Aug^te-plagioclase-rocks. 

(3)  Augite-microcline  rocks. 

B.  With  (juartz. 

(1)  With     hyperstheiie  :     (luartz-bearing    hypei-stheiie-augite- 

plagioclase-rocks. 

(2)  Without  hyperathene  :  augite-giieiss  (proper). 

III.  Rocks  in  which  hornblende  is  the  dc^minating  ferro-magnesian  con- 
stituent ;  felspar  almost  always  present. 

A,  Without  qwirtz,   or  contiiining  it  only  in  small  quantity  ;  rocks 
basic  in  comt>obition. 

(1)  Rocks  massive  or  only  slightly  foliated. 

(a)  £pidote-amphil>olite. 
(6)  Zoisite-amphibolite. 
(c)   Gamet-amphibolite. 

(2)  Rocks  f ohated. 


(a)  Hornblende-schist  or  -gneiss. 
!. — Idany  of  the 


Note. — Idany  of  the  hornblende-schists  associated  with  the  fundamental 
complex  are  foliated  dykes. 
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B,  With  cmartz  :  rocks  intermediate  or  acid  in  composition. 

(1)  Kocks  with  compact  hornblende  and  a  granular  structure  : 

hornblende-gneiss  (proper). 

(2)  Rocks    with    hornblende    occurring    in    fibrous    or  other 

aggregates. 

(3)  Rocks  with  compact  hornblende  and  a  granulitic  structure : 

granulitic  hornblende-gneiss. 

lY. — Rocks  in  which  biotite  is  the  dominating  ferro-magnesian  con- 
stituents ;  felspar  and  quartz  both  present. 

(1)  Biotite  occurring  as  independent  plates  or  in  aggregates  of  two 
or  three  large  individuals  :  biotite-sneiss  (proper). 

i2)  Biotite  occurring  in  aggregates  of  smaller  individuals. 
3)  Biotite  occurring  as  independent  plates  ;  structure  granulitic. 

V. — Rocks  in  which  biotite  and  muscovite  occur ;  quartz  and  felspar 
present. 

Muscovite-biotite-gneiss. 

In  the  following  account  of  the  petrographical  characters 
of  the  Lewisian  gneiss  no  reference  will  be  made  to  the  rocks  of 
the  Outer  Hebrides.  The  descriptions  apply  only  to  the  strip  of 
country  which  is  bounded  on  the  one  side  by  the  zone  of  thrusting 
and  on  the  other  side  by  the  sea.  For  purposes  of  reference  this 
strip  may  be  conveniently  divided  into  a  northern  area,  extending 
from  Durness  and  Cape  Wrath  to  Loch  Laxford,  a  central  area 
lying  between  Loch  Laxford  and  Gruinard  Bay,  and  a  southern 
area,  comprising  the  portion  which  lies  between  Gruinard  Bay 
and  the  islands  of  Rona  and  Raassy. 

1a.  peridotites,  serpentines,  pyroxenites,  and  hornblendites. 

The  ultra-basic  rocks  which  occur  as  integral  parts  of  the 
Fundamental  Complex  rarely  contain  a  sufficient  amount  of  olivine 
to  justify  the  use  of  the  term  peridotite.  They  usually  form  more 
or  less  banded  masses  of  pyroxenite  and  hornblendite. 

The  minerals  entering  into  the  composition  of  these  banded 
masses  are  augite  (including  diallage),  hypersthene,  hornblende, 
olivine,  magnetite,  and  a  green  spinel.  Secondary  hornblende, 
serpentine,  and  sometimes  chlorite  are  found  in  the  altered  rocks. 
Scapolite  was  observed  in  one  specimen  (No.  1823)  from  Badcall,  near 
Scourie. 

The  augite  is  pale  green,  in  thin  section,  and  without  definite 
form.  Sections  out  of  the  zone  of  the  vertical  axis  give  a  maxi- 
mum extinction  of  about  40°.  In  some  specimens  this  mono- 
clinic  pyroxene  is  entirely  free  from  inclusions  and  from  any 
other  divisional  planes  than  those  due  to  the  ordinary  prismatic 
cleavage ;  but,  as  a  general  rule,  it  contains  parallel  rows  of  very 
minute,  dark  brown,  almost  opaque  plates  and  rods.  One  or  more 
parallel  rows  may  be  present.  When  only  one  set  is  present,  the 
inclusions  are  arranged  parallel  to  the  orthopinacoid.  As  a  rule 
they  are  not  uniformly  distributed  through  the  individual  grains  ; 
thus,  the  centre  of  a  grain  may  be  crowded  with  them,  while  the 
marginal    part   is   perfectly    free.     In  addition   to  these   minute 
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plates  and  rods  we  find  grains  of  magnetite  and  green  spinel 
also  occurring  as  inclusions. 

The  pyroxene  above  described  is  precisely  similar  to  that  of  the 
Baltimore  gabbros  described  and  figured  by  the  late  Professor  6. 
H.  Williams.*  It  is  found  not  only  in  the  rocks  of  the  group  now 
under  consideration,  but  in  all  the  other  augitic  rocks  belonging 
to  the  Lewisian  gneiss ;  it  is,  in  fact,  the  characteristic  monoclinic 
pyroxene  of  these  rocks.  A  similar  pyroxene  occurs  in  a 
pyroxenite  from  Madaga8car,t  in  the  augite-norites  (hyperites), 
and  pyroxenites  firom  the  Cortlandt  series  on  the  Hudson  Biyer,t 
and  in  the  anorthosite  rocks  of  Canada.§ 

The  hjrpersthene,  which  is  almost  always  present  in  the  banded 
pyroxenites,  is  easily  distinguished  from  the  monoclinic  pyroxene 
by  its  strongly  marked  pleochroism.  It  occurs  in  irregular  grains 
of  approximately  the  same  form  and  size  as  the  green  monoclinic 
pjrroxene.  The  prismatic  cleavages  are  often  well-developed ;  and 
cross-sections,  in  which  these  cleavages  intersect  at  right  angles, 
show  in  convergent  light  the  emergence  of  a  positive  bisectrix. 
Such  sections  give,  for  rays  vibrating  parallel  to  X,  red ;  and  for 
those  vibrating  parallel  to  Y,  pale  yellowish-brown  to  nearly 
colourless.  Longitudinal  sections,  which  are  distinguished  by 
parallel  cleavage  cracks,  give  straight  extinction  and  appear  green 
when  viewed  by  rays  vibrating  parallel  to  Z.  The  pleochroism  of 
this  mineral,  as  a  rule,  is  very  intense,  corresponding  to  the 
highly  ferriferous  variety  for  which  Professor  Judd  proposed  to 
revive  Vom  Bath's  term,  amblystegite. 

Inclusions  similar  to  those  already  described  as  occurring  in  the 
monoclinic  pyroxene  are  occasionally  found,  likewise,  in  the 
hypersthene.  This  hypersthene  is  also  similar  to  that  occurring  in 
the  Baltimore  gabbros. 

Hornblende  is  rarely  absent  from  the  rocks  under  consideration. 
In  some  cases  it  occurs  only  as  an  accessory  constituent ;  in  others 
it  is  the  only,  or  almost  the  only,  ferro-magnesian  silicate  present. 
By  the  gradual  increase  in  the  amount  of  hornblende  the 
pyroxenites  pass  into  the  hornblendites.  Like  the  other  con- 
stituents, the  hornblende  occurs  in  irregular  grains  and  often 
contains  parallel  rows  of  minute  rods  or  plates,  arranged  in  one  or 
more  directions.  The  maximum  extinction  in  the  zone  of  the 
vertical  axis  is  about  20^,  and  the  colour  scheme  of  a  common 
variety  is  as  follows  : — X=a  yellowish-green  ;  Y  and  Z  —dull  dark 
green.  In  consequence  of  the  absence  of  any  colour  differences 
for  rays  vibrating  parallel  to  Y  and  Z,  many  sections  show  no 
dichroism. 


♦  **The  Baltimore  Gabbros."    Bull.     U.S.  Geol.  Survey,  No.  28,  1886. 

f  **  Notes  on  the  Petrographical  Characters  of  some  Rocks  collected  in 
fifladagascar  by  the  Rev.  R.  Baron."  By  F.  H.  Hatch.  Quart.  Jour,  Geol. 
Soc,   vol.  xlv.    D.  340. 

j'** The  Norites  of  the  Cortlandt  Series."  By  G.  H.  Williams.  Amer. 
Jour.  Sci.,  vol.  xxxiii.,  1887,  p.  135. 

J5  **  Ueber  das  Norian  oder  Ober-Ijaurentian  von  Canada."  F.  D.  Adams. 
Neues  Jahrbueh,  Beilage  Band  viii..  1893,  p.  419. 
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The  colours  of  the  hornblende  in  different  specimens  are  not 
absolutely  constant.  Thus,  in  a  variety  from  the  neighbourhood  of 
Dhrombaig  (Drumbag)  we  find: — ^X,  nearly  colourless;  Y  and  Z, 
brown ;  and  in  another,  Lochan-an-Daimh,  near  Gruinard  House, 
Ross : — X,  pale  greenish-yellow ;  Y,  bright  green ;  Z,  bluish-green. 
There  is  no  difference  in  the  mode  of  occurrence  of  these  different 
varieties ;  they  all  appear  to  be  as  much  entitled  to  be  regarded 
as  original  constituents  as  any  other  mineral  present. 

One  other  feature  of  the  original  hornblende  deserves  mention. 
The  cleavages  are  often  far  less  perfectly  developed  than  is  usual 
with  this  mineral.  Dr.  Hatch*  has  already  called  attention  to  this 
peculiarity  of  the  hornblende  in  rocks  of  the  type  now  under 
consideration. 

Olivine  is  by  no  means  so  important  or  so  constant  a  constituent 
of  the  rocks  as  the  minerals  above  described.  It  is  often  entirely 
absent,  and  only  in  one  or  two  specimens  has  it  been  found  to 
occur  in  such  abundance  as  to  justify  the  use  of  the  term  peridotite. 
It  occurs  in  colourless,  irregular  grains,  which  are  traversed  by  the 
black  veins  of  magnetite  so  commonly  found  in  this  mineral.  It 
is  often  absolutely  unaltered,  but  in  a  few  specimens  is  more  or 
less  replaced  by  serpentine  in  the  usual  manner. 

Magnetite  and  a  dark-green  spinel  are  almost  invariably 
present  in  the  banded  pyroxenites.  They  occur  independently  of 
each  other,  and  also  in  composite  grains.  The  opacity  of  the 
spinel  is  often  very  great,  so  that  the  characteristic  olive-green 
colour  can  only  be  seen  in  very  thin  sections.  The  natural 
opacity  is  also  often  increased  by  the  presence  of  numerous  minute 
black  particles.  Both  magnetite  and  spinel  are  without  definite 
crystallographic  form. 

As  minerals  which  occur  occasionally,  biotite,  apatite,  and  scapo- 
lite  may  be  mentioned.  Scapolite  has  been  observed  only  in  one 
specimen  from  Badcall,  near  Scourie(No.  1823),  collected  many  years 
ago,  before  the  mapping  was  commenced.  The  mineral  occurs  in 
irregular  grains,  which  are  crowded  with  minute  opaque  rods 
arranged,  for  the  most  part,  parallel  to  the  vertical  axis.  Isolated 
grains,  when  placed  in  a  diffusion  column,  scatter  themselves  so 
that  the  lightest  are  seen  to  have  a  specific  gravity  of  about  2-76. 
These  contain  fewer  inclusions  than  those  which  float  at  lower 
levels.  The  abnormal  specific  gravity  is,  therefore,  doubtless  due  to 
the  inclusions.  Treated  with  hot  hydrochloric  acid  the  grains 
show  no  change  after  three  or  four  evaporations ;  a  fact  which 
points  to  the  conclusion  that  the  mineral  is  rich  in  the  marialite- 
molecule.  The  characteristic  cleavages  are  not  seen  in  the  thin 
sections,  but  can  be  readily  developed  by  crushing  the  isolated 
grains.  Sections  at  right  angles  to  the  vertical  axis  show  the 
negative,  uniaxial  figure  characteristic  of  scapolite. 

The  rocks  in  which  the  above  minerals  occur  are  black  or  dark- 
green  in  colour,  and  usually  of  medium  grain.  Although  well 
banded  on  the  large  scale,  the  hand  specimens  frequently  appear 

*  **  A  Peridotite  from  Kilamanjaro."    Ged.  Mag.,  1888,  p.  267. 
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massive.  Some  idea  of  the  nature  of  the  banding  may  be  formed 
from  a  consideration  of  the  following  sequence  seen  in  a  low 
projecting  crag  to  the  west  of  Sconrie  House.  It  must  be  remem- 
bered, however,  that  the  rocks  are  not  so  sharply  separated  from 
each  other  as  the  use  of  two  distinctive  names  may  seem  to 
indicate ;  pyroxene  occurs  in  the  homblendites,  and  hornblende  in 
the  pyroxenites. 

Homblendite, 

I^roxenite,  .... 

Uomblendite, 

^n^xenite,  -  .  -  . 

Homblendite, 

^roxenite,  .... 

Homblendite, 

Pyroxenite,  -  -  .  - 


The  bands  of  homblendite  are,  as  a  rule  coarser  in  grain  than 
those  of  pyroxenite,  and  they  are  frequently  crossed  by  transverse 
joints  which  appear  as  furrows  on  the  weathered  surface. 

The  rocks  of  this  group  form  only  a  very  small  portion  of  the 
Lewisian  gneiss.  They  may  be  studied  at  the  locality  above 
referred  to ;  also  on  the  south  side  of  Loch  an  Daimh  Mdr,  about 
1  mile  south  of  Scourie ;  near  Dhrombaig,  east  of  Oldany  Island ; 
and  at  Lochan  an  Daimh,  about  1^  miles  E.N.E.  of  Gruinard  House. 
The  last  mentioned  locality  is  in  Sheet  101 ;  all  the  others  are  in 
Sheet  107.  The  most  common  varieties  of  the  group  may  be 
termed  olivine-homblende-py roxenites  and  homblende-py roxenites ; 
but  the  Survey  collection  includes  also  homblendites,  olivine-hom- 
blende-peiidotites,  and  one  specimen  of  dunite.  The  olivine- 
bearing  rocks  have  often  been  more  or  less  completely  serpentinised. 

Ib.  hornblende  rocks  not  included  in  the  banded  gkoup. 

Bocks  composed  almost  entirely  of  hornblendic  minerals  are 
found  not  only  interbanded  ^vith  pyroxenites,  but  also  as  knote, 
lenticles,  and  bands  associated  with  felspar-bearing  rocks.  These 
may  be  roughly  classified  for  purposes  of  description  into  three 
groups : — 

(1)  Those   which  consist  of  pale-coloured  hornblende  occurring    in 

confused  a^regates. 

(2)  Those  in  which  the  hornblende  occurs  in  compact  grains  and 

prisms,  usually  dark -green  in  colour. 

(3)  Those  in  which  the  rhombic  hornblende,  anthophyllite,  is  present. 

These  may  be  again  sub-divided  into  : — 

(a)  Anthophyllite-hornblende-roclcs. 
(6)  Calc-anthophj'llite  rrjcks. 

(1)  A  specimen  collected  at  the  bend  of  the  road  near  Loch 
Dhrombaig,  and  about  ^  mile  west  of  the  village,  may  be  taken 
as  a  type  of  the  first  group.  This  is  a  somewhat  pale-green 
crystalline  rock,  composcvi  almost  entirely  of  a  matted  aggregate 
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of  irregular  individuals  of  hornblende.  The  outlines  of  the  indi- 
viduals are  rarely  well  defined,  but  a  tendency  to  the  prismatic 
form  may  be  occasionally  recognised.  A  large  portion  of  the  slide 
consists  of  very  fine-grained  aggregates,  which  cannot  be  resolved 
into  distinct  individuals  with  definite  outlines.  Here  and  there 
larger  patches,  showing  the  cleavages  of  hornblende  and  giving 
fairly  uniform  extinction,  may  be  observed.  The  whole  of  the 
hornblende  is  practically  colourless  in  thin  section.  Iron  ores 
occur  in  irregular  patches  and  as  small  grains.  In  some  places 
parallel  rows  of  minute  inclusions,  precisely  similar  to  those 
occurring  as  inclusions  in  the  minerals  of  the  pyroxenites,  may  be 
seen.     (Plate  XL.,  fig.  2.) 

It  is  well  known  that  diallage,  hypersthene,  and  sometimes 
olivine  give  rise  to  hornblende,  and  in  describing  the  ultra-basic 
dykes  it  will  be  shown  that  they  occasionally  become  converted 
into  rocks  of  the  same  character  as  those  now  under  consideration. 
It  is  probable,  therefore,  that  these  rocks  are  metamorphic  pro- 
ducts, and  that  the  hornblende  is  of  secondary  origin.  The  one 
selected  as  a  type  has  probably  originated  from  the  alteration  of 
pyroxenite,  a  rock  known  to  occur  in  the  immediate  neighbour- 
hood. In  addition  to  hornblende  and  iron  ore,  the  only  other 
mineral  present  is  chlorite.  This  forms  small  irregular  patches 
wedged  in  between  the  other  constituents.  Its  presence 
strengthens  the  view  that  the  rock  is  a  metamorphic  product. 

(2)  In  the  second  group  of  rocks  the  hornblende  is  entirely 
different  in  character.  It  is  usually  dark  green  in  colour,  and 
occurs  in  compact  grains,  which  often  interfere  with  each  other  so 
as  to  prevent  the  development  of  crystalline  form.  Sometimes, 
however,  one  grain  is  partially  idiomorphic  with  respect  to  its 
neighbours  and  the  forms  {110}  and  {010}  may  then  be  recognised. 
It  is  this  type  of  rock  that  so  frequently  forms  knots  and  lenticles 
in  the  more  acid  gneisses.  A  specimen  from  the  north-west  of  Rona 
(No.  5013,  Plate  XL.,  Fig.  I.)  may  be  taken  as  a  type.  It  is  a 
medium  grained  dark-green,  almost  black  rock.  The  horn- 
blende occurs  in  compact  individuals  occasionally  showing  the 
forms  above  mentioned.  The  colour  scheme  is  as  follows : — X,  pale 
yellow;  Y,  green;  Z,  green  with  a  tinge  of  blue.  In  addition  to  the 
hornblende  there  are  some  irregular  patches  of  iron-ore  and  one 
or  two  flakes  of  biotite.  Biotite  is  very  often  associated  with 
hornblende  in  the  black  lenticles,  and  is  sometimes  as  abundant  as 
the  hornblende  itself. 

Under  this  head  we  also  refer  certain  rocks  occurring  near 
Cape  Wrath  which  consist  of  radiating  masses  of  actinolite,  the 
prisms  of  which  sometimes  measure  two  or  three  inches  in  length. 

(3)  Anthophyllite  is  found  in  two  very  distinct  types  of  rock. 
The  one  (a)  is  a  dark-green,  medium  to  coarse-grained,  massive 
rock  ;  the  other  (b)  a  pale  grey,  medium-grained  rock  containing  a 
considerable  amount  of  carbonate.  In  the  former  group  (a)  the 
anthophyllite  occurs  in  association  with  ordinary  green  hornblende; 
in  the  latter  it  is,  as  a  rule,  the  only  representative  of  the  horn- 
blende-group of  minerals. 
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The  specimen  from  61ac  a  Mhin  Ath  (about  700  yards  N.N.W. 
of  the  north-west  end  of  Caol  Loch  a'  Mhin  Ath,  Sutherland,  six- 
inch  Sheet  31  S.K,  1  inch  Sheet  107,  3419;  Plate  XU.,  Fig.  1),  is  a 
moderately  coarse-grained,  black  rock,  composed  of  green  horn- 
blende, hypersthene,  and  a  colourless  mineral  having  the  cleavages 
and  prismatic  angle  of  hornblende.     Transverse  sections  of  this 
mineral  show  the  emergence  of  a  positive  bisectrix.     Longitudiual 
sections  give  straight  extinction.     Cleavage  flakes,  produced  by 
crushing  the  mineral,  also  give  straight  extinction  and  show  the 
emergence  of  a  negative  bisectrix  inclined  to  the  plane  of  the 
flake.     The  optic  axial  plane  is  parallel  to  the  brachypinacoid ; 
which  form,  however,  is  not  developed.     The  optic  scheme  is  as 
follows : — a  =  X ;  fe  =  Y ;  and  c  =  Z ;  where  a,  b,  and  c  represent 
the  crystallographic  axes,  and  X,  Y  and  Z  the  axes  of  the  ellipsoid 
of  elasticity  or  optical  indicatrix.     These  facts  prove  conclusively 
than  the  mineral  in  question  is  anthophyllite.     It  is  developed  in 
the  prismatic  form,  and  is  idiomorphic  with  respect  to  the  green 
hornblende. 

Rocks  of  the  above  type  are  represented  only  by  two  specimens 
in  the  Survey  collection,  one  from  the  neighbourhood  of  Rhiconich 
(1830),  and  the  other  from  Glac  a  Mhin  Ath  (3419). 

(h)  The  calc-anthophyllite  rocks  effervesce  freely  with  cold 
dilute  hydrochloric  acid,  and  weather  brown  owing  to  the  presence 
of  some  iron  in  the  carbonate.  A  specimen  from  a  point  south  of  Allt 
Mor  Geisgeil,  two  and  a  half  miles  south-east  of  Scourie  (Suther- 
land, Sheet  107,  No.  4651,  Plate  XLI.,  Fig.  2)  may  be  selected  as  a 
type.  The  anthophyllite  occurs  as  long  slender  prisms  which  lie 
in  all  directions  in  a  matrix  of  crystalline,  granular  calcite.  A  few 
scales  of  hematite  and  grains  of  opaque  iron-ore  are  also  present. 

When  attacked  by  the  weather  these  rocks  develop  a  rough 
carious  surface,  owing  to  the  removal  of  the  calcite.  They  occur 
one  mile  N.N.W.  of  Achfarry  (south-east  slope  of  Ben  Stack,  No. 
2723),  and  south-west  of  Creag  Lochan-nam-Breac  (about  a  mile 
east  of  Badcall  Bay,  south  of  Scourie),  Allt  Crom  Geisgeil 
(4647).  An  allied  rock  is  found  at  Creag  Tombaca  (south  side  of 
Loch  Glendhu,  about  a  mile  and  300  yards  E.S.E.  from  Kyle  Sku 
Inn;  No.  2955).  In  this  case,  however,  the  colourless  prisms 
of  anthophyllite  lie  in  a  matrix  of  pale  brown  mica,  which  is  the 
dominant  constituent.     Calcite  is  present. 

Little  can  be  said  as  to  the  origin  of  the  anthophyllite-bearing 

rocks,  but  it  is  worthy  of  note  that  a  dyke  in  the  Lewisian  gneiss, 

^  mile  south-west  of  the  outlet  of  Lochan  na  Bearta  (Ross  six-inch 

Sheet  46,  north-east;  one-inch  Sheet  92,  No.  5118)  is  essentially 

composed   of  green  hornblende    and    anthophyllite,  with    some 

biotite,  felspar  (basic),  and  rutile.     The  anthophyllite  occurs  in 

long  slender  prisms  bounded  by  the  prismatic  faces  and  a  pinacoid 

truncating  the  acute  angles  of  the  prism.     The  main  mass  of  the 

rock  is  formed  of  pale  green  hornblende,  which  occurs  as  large 

irregular  grains,  long  prisms,  and  confused  aggregates  of  minute 

individuals.     The  anthophyllite  is  idiomorphic  with  respect  to  the 

hornblende. 
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IIa.  pyroxene-felspar-rocks,  without  quartz,  or  containing 

it  only  as  an  unimportant  accessory. 

The  rocks  of  this  group  are  essentially  characterised  by  a  pale- 
green,  monoclinic  pyroxene  and  felspar.  With  one  exception  (No. 
2379)  the  felspar  is  allied  to  labradorite,  and  the  rocks,  therefore, 
resemble  gabbros  in  composition.  In  the  exceptional  case  the  felspar 
is  microcline,  and  the  rock  is,  therefore,  allied  to  the  augite-syenites. 
The  plagioclase  rocks  may  be  separated  into  two  sub-groups, 
characterised  by  the  presence  or  absence  of  hypersthene,  and  the 
first  of  these  may  be  again  sub-divided  according  to  the  presence  or 
absence  of  garnet ;  but  it  must  be  remembered  that  this  classifi- 
cation is  more  or  less  artificial  and  that  the  difierent  groups  shade 
into  each  other.  Garnet  is  very  irregular  in  its  distribution, 
often  abounding  in  one  spot  and  disappearing  within  a  few 
yards.  The  hypersthene-augite-plagioclase  rocks  (IIa.  1)  may,  so 
far  as  the  hand -specimens  are  concerned,  be  divided  into  two  main 
groups : — 

(a)  Gametiferous     hypersthene  -  augite  -  plagioclase      rocks 

(pyroxene-granulites). 

(b)  Hypersthene-augite-plagioclase  rocks  (Baltimore   gabbro 

type). 

(a)  The  members  of  the  first  group  are  medium-grained,  dark, 
crystalline  rocks,  with  a  variable  amount  of  garnet.  The  presence 
of  garnet  alone  distinguishes  them  from  the  rocks  of  the  second 
group.  They  are  closely  connected  also  by  intermediate  varieties, 
with  the  pyroxenites  on  the  one  hand,  and  with  the  hornblende- 
pyroxene-gneisses  on  the  other.  The  addition  of  garnet  and  felspar 
to  the  pyroxenites  causes  them  to  pass  over  into  the  group  now 
under  consideration.  The  minerals  common  to  the  two  groups  are 
precisely  similar  in  character.  Although  not  forming  an  important 
constituent,  hornblende  is  often  present.  In  addition  to  the 
compact  variety,  which  may  be  either  brown  or  green,  there  is 
sometimes  found  a  more  or  less  fibrous  green  hornblende,  which  is 
intimately  associated  with  the  pale  green  augite.  This  sometimes 
forms  a  ragged  zone  round  the  latter  mineral,  and  sometimes  occurs 
in  irregular  patches  in  the  interior,  as  if  replacing  it.  These 
phenomena  are  usually  taken  to  indicate  that  this  variety  of  horn- 
blende is  of  secondary  origin,  and  it  may  be  so  in  this  case.  But 
whether  this  view  be  correct  or  not,  it  is  certain  that  every  stage 
in  the  apparent  replacement  of  the  green  augite  by  this  variety  of 
hornblende  may  be  observed,  not  only  in  the  rocks  of  this  group, 
but  also  in  the  pyroxene-gneisses  which  remain  to  be  described. 
Indeed,  the  phenomenon  is  more  perfectly  exhibited  in  the  last- 
mentioned  rocks,  and  will  again  be  referred  to  when  these  are 
described. 

The  felspar  occurs,  like  the  other  constituents,  in  allotriomorphic 
grains.     It  is  sometimes  twinned  on  the  albite  and  pericline  plans, 
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and  sometimes  unstriated.  The  twin  lamellsD  often  die  out  in 
the  middle  of  a  grain ;  and  in  those  rocks  in  which  the  felspar 
gives  undulose  extinction,  indicative  of  strain,  the  lamellations 
appear  to  be,  in  part  at  least,  of  secondary  origin.  The  plagioclase 
felspars  of  the  rocks  belonging  to  the  fundamental  gneiss 
range  in  composition  from  labradorite  to  oligoclase — the  more  basic 
felspars  occurring  in  the  more  basic  rocks.  In  the  present  group 
the  felspars  are  allied  to  labradorite  in  composition. 

The  extraordinary  freshness  of  the  felspars,  and,  indeed,  of  all 
the  minerals  of  the  gneissose  rocks  is  especially  noteworthy.  The 
grains  are  usually  water  clear,  and  only  in  rare  cases  show  signs 
of  turbidity  or  saussuritization. 

The  garnet  is  of  a  deep  red  colour  and  rarely,  if  ever,  shows 
traces  of  idiomorphism.  In  this  respect  it  offers  a  strong  contrast 
to  the  garnets  found  in  certain  varieties  of  mica-schist.  As 
already  stated,  it  varies  considerably  in  amount  in  different 
specimens,  sometimes  forming  a  large  proportion  of  the  rock,  and 
at  others  sinking  to  the  rank  of  an  accessory  constituent.  The 
individual  grains  vary  in  size  from  microscopic  particles  to  large 
masses  measuring  several  inches  across.  In  a  few  specimens  the 
garnet  forms  narrow  zones  round  the  grains  of  iron-ore. 

Biotite  is  occasionally  present  as  an  accessory  constituent  in  the 
form  of  minute  brown  scales  surrounding,  or  at  least  occurring 
in  intimate  association  with  the  iron-ores.  Magnetite,  and  less 
frequently  pyrite,  also  occur  as  accessory  constituents. 

The  hand  specimens  of  the  more  typical  varieties  are  devoid  of 
foliation.  They  are  neither  banded  nor  do  they  show  any  parallel 
structure  due  to  the  orientation  of  the  minerals.  Under  the 
microscope  the  structure  is  seen  to  be  granular,  with  an  occasional 
tendency  to  become  granulitic.  In  the  field  they  are  intimately 
associated  with  the  pyroxenites,  and  occur  in  the  same  districts. 
Most  of  the  specimens  in  the  Survey  collection  come  from  the 
neighbourhood  of  Scourie. 

(6)  The  hypersthene-augite-plagioclase  rocks,  which  differ  from 
the  above  only  in  the  absence  of  garnet,  are  dark,  medium-grained, 
and  usually  massive  in  hand  specimens.  Both  in  structure  and 
composition  they  are  precisely  similar  to  the  gabbros  of  Baltimore, 
so  well  described  by  Prof.  G.  H.  Williams. 

A  specimen  from  Strathan,  1^  mile  south-west  of  Lochinver 
Bay,  near  Loch  Inver  (3392),  may  be  taken  as  typical  of  the  gi'oup 
It  is  a  dark,  medium-grained,  massive  rock  composed  of  augite, 
hypersthene,  plagioclase,  and  magnetite,  with  pyrite  and  biotite  as 
accessories.  The  augite  belongs  to  the  pale  green  variety  already 
described,  and  occurs  in  grains  averaging  about  1mm.  in  diameter. 
The  hypersthene  is  strongly  pleochroic,  and  occasionally  shows 
traces  of  idiomorphism  in  the  prismatic  zone.  The  felspar  occurs 
in  allotriomorphic  grains  of  uniform  dimensions  in  the  different 
directions,  averaging  somewhat  less  than  1mm.  in  diameter. 
Many  sections  do  not  show  twinning,  and  in  those  which  do  it  is 
often  seen  to  be  impersistent.  Undulose  extinction  is  common, 
and    the  twinning  is  most  marked    in   those  which  show  this 
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phenomenon.    The  specific  gravity  of  the  felspar  is  about  2.69. 
It  was  isolated  in  as  pure  a  state  as  possible  and  analysed. 
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If  we  neglect  the  iron  and  loss  on  ignition  and  calculate  to  100 
we  have : — 


s.o. 

55-64 

. 

56-4 

A1,0, 

28-69 

- 

28-5 

CaO 

10-46 

• 

10-4 

K,0 

-30 

- 

Na.O 

4-91 

- 

5-7 

100-00  100-0 

The  figures  in  the  second  column  correspond  to  the  composition 
Abj  An  J.  The  felspar  is,  therefore,  on  the  border  line  between 
labradorite  and  andesine.  It  would  be  classed  as  the  former  by 
Tschermak,  and  as  the  latter  by  Dana. 

The  type  rocks  contain  no  hornblende,  but  this  mineral  occurs 
in  many  rocks  which  naturally  belong  to  the  group.  It  is  similar 
to  that  occurring  in  the  pyroxenites  and  granulites. 

The  specimens  of  this  group  in  the  Survey  collection  come  from 
Strathan  Bay,  near  Loch  Inver,  Rientraid,  2^  miles  west  of  Kyle 
Sku,  and  north-west  of  Pairc-a-Chladaich,  one  mile  north-west  of 
Scourie.  The  rocks  above  described,  though  of  considerable 
interest  from  a  petrographical  point  of  view,  do  not  form  a  large 
portion  of  the  fundamental  complex.  They  occur  rather  as  local 
and  exceptional  varieties.  Those  which  remain  to  be  considered 
are,  as  a  rule,  much  more  widely  distributed. 

(2)  The  augite-plagioclase  rocks  differ,  so  far  as  composition  is 
concerned,  from  those  of  the  last  group  merely  in  the  absence  of 
hypersthene,  and  from  the  pyroxene-gneisses  in  the  absence  of 
quartz.  They  are  often  massive  in  the  hand  specimen,  but 
occasionally  show  traces  of  foliation  due  to  the  tendency  of  the 
augite  and  felspar  to  concentrate  in  thin  and  impersistent  folia. 
The  definite  parallel  banding  so  commonly  seen  in  the  hand 
specimens  of  the  hornblende-  and  biotite-gneisses  is  not  present  in 
those  portions  of  the  complex  in  which  augite  is  the  dominant 
ferro-magnesian  constituent. 

A  specimen  from  Strathan  Bay,  near  Loch  Inver  (3406),  may  be 
selected  as  a  type  of  the  augite-plagioclase-rocks.     It  is  a  dark. 
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mediam-grained,  massive  rock  composed  of  plagioclase,  augite,  and 
magnetite.  The  plagioclase  belongs  to  the  labradorite-andesine 
series.  It  is  devoid  of  twinning  except  where  the  grains  have 
been  strained.  In  these  places  two  sets  of  impersistent  twin- 
lamellse  have  often  been  developed  at  right  angles  to  each  other, 
reminding  one  to  some  extent  of  the  cross-hatching  of  microcline. 
The  pale  green  pyroxene  is  of  the  same  type  as  that  occuiTing  in 
the  pjrroxenites,  pyroxene-granulites,  and  hypersthene-augite- 
plagioclase  rocks.  In  addition  to  the  two  ordinary  cleavages  it 
occasionally  shows  the  structure  of  diallage  and  contains  rows  of 
minute,  dark  rods  and  plates,  as  well  as  scales  of  hematite.  The 
magnetite  is  in  irregular  grains,  like  the  other  constituents,  and 
often  of  considerable  size.  It  is  present  in  sui&cient  quantity  to 
make  the  rock  distinctly  magnetic. 

The  mutual  relations  of  the  constituents  are  the  same  as  those 
of  typical  gabbros  with  which  these  rocks  have  very  close 
relations. 

The  principal  deviations  from  the  type  above  described  depend 
on  the  occurrence  of  hypersthene,  garnet,  quartz,  and  original 
hornblende  as  accessory  constituents.  These  represent  passages 
into  the  other  groups.  In  one  or  two  instances  uralitic  horn- 
blende has  been  formed  at  the  expense  of  the  augite.  The  best 
specimens  in  the  Survey  collection  come  from  the  neighbourhood 
of  Loch  Inver ;  but  the  type  is  probably  not  uncommon  in  the 
extensive  region  characterised  by  the  pyroxene-gneisses. 

(3)  The  last  type  under  the  present  head  is  represented  only  by 
one  specimen  from  Polla,  near  the  head  of  Loch  Eireboll  (2379)  ; 
but  it  is  so  remarkable  as  to  deserve  a  somewhat  detailed  descrip- 
tion. It  is  a  moderately  coarse-grained,  massive  rock,  essentially 
composed  of  microcline  and  a  green  pyroxene.  Hornblende, 
sphene,  apatite,  quartz  and  magnetite  occur  as  accessories. 

The  dominant  constituent  is  microcline.  It  occurs  in  irregular 
individuals  which  often  measure  2mm.  in  diameter.  There  is  no 
trace  of  alteration,  and  the  cross-hatching  is  very  perfectly 
developed.  The  pyroxene  is  also  allotriomorphic.  It  is  green  in 
colour,  but  the  tints  are  more  vivid  than  those  of  the  augite  of  the 
rocks  above  described.  The  extinction  is  that  of  normal  augite, 
not  that  of  aegirine.  The  mineral  is  probably  an  aegiriiie-augite. 
The  accessory  minerals  form  only  a  small  portion  of  the  mass. 
The  hornblende  is  green  and  similar  to  that  of  the  hornblende- 
gneisses.  Sphene,  apatite,  and  quartz  all  occur  as  irregular  grains. 
The  magnetite  shows  traces  of  idiomorphism.  This  rock,  if 
igneous,  would  be  termed  augite-syenite. 

IIb.  pyroxene-felspar  rocks,  with  quartz. 

The  Lewisian  gneiss  bet^  een  Scourie  and  Loch  Inver,  and  for 
some  distance  both  north  and  south  of  these  localities,  is  largely 
composed  of  quartzose  pyroxene-gneisses.  These  rocks  frequently 
show  a  marked  foliation  due  to  the  presence  of  streaks  and  ill- 
defined   bands   of  dark  and    light  colour.     The  principal  ferro- 
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magnesian  constituent  is  the  green,  monoclinic  pyroxene;  but 
hypersthene,  biotite  and  original  hornblende  occasionally  occur. 
Garnet  is  also  sometimes  present. 

The  felspar,  in  all  cases  examined,  is  some  variety  of  the 
andesine-oligoclase  series.  In  unstrained  individuals  twinning  is 
usually  absent,  but  in  those  which  give  undulose  extinction 
impersistent  lamelte  may  frequently  be  observed.  Much  of  the 
twinning  is  certainly  of  a  secondary  character.  In  the  case  of  a 
rock  from  Duartmore  Bridge,  between  Kyle  Sku  and  Scourie,  the 
felspar  was  definitely  determined  by  analysis  to  be  andesine 
corresponding  to  the  formula  Ab^  An  3. 

The  quartz  occurs  in  large  irregular  individuals,  and  is  remark- 
able for  the  bluish,  opalescent  tinge  which  enables  one  to 
recognise  it  easily  in  the  hand  specimens.  In  the  foliated  rocks 
the  grains  are  often  tabular  in  form  ;  but  the  direction  in  which 
the  grains  are  flattened  has  no  relation  to  the  crystallographic 
characters  of  the  mineral.  Under  the  microscope  this  blue 
quartz,  which  is  so  characteristic  of  the  pyroxene-gneisses,  is 
always  seen  to  contain  minute  inclusions.  These  are  of  four 
types: — (1)  rows  of  minute  dots;  (2)  extremely  thin  hairs 
formed,  in  all  probability,  of  the  same  substance  as  the  dots ;  (3) 
cavities  with  very  dark  borders ;  and  (4)  minute  irregular  flecks 
and  grains. 

A  similar  blue  quartz  occurs  in  the  grits  of  the  Southern  High- 
lands, and  there  also  it  contains  the  minute  hairs  and  rows  of  dots. 
As  inclusions  of  this  character  are  absent  from  the  quartz  of 
the  hornblende  and  biotite-gneisses,  which  does  not  show 
the  blue  colour,  it  seems  probable  that  this  colour  is  due  to  the 
inclusions. 

The  other  minerals  of  these  rocks  are  precisely  similar  to  those 
of  the  rocks  already  described. 

Cataclastic  structures  are  not  uncommon.  The  efi^ects  of 
pressure  on  the  felspar — undulose  extinction  and  secondary  twin 
lamellation — have  been  already  referred  to.  These  effects  are  even 
more  marked  on  the  quartz,  where  they  consist  of  undulose 
extinction,  an  irregular  striping,  seen  only  under  crossed  nicols, 
and  partial  granulitization. 

The  specimens  in  the  Survey  collection  may  be  separated  into 
two  groups,  corresponding  to  the  two  main  groups  of  the 
pyroxene-plagioclase  rocks,  the  one  being  characterised  by  the 
presence,  the  other  by  the  absence,  of  hypersthene.  Seeing  that 
gneissose  structures  are  almost  always  recognisable  in  the  hand- 
specimens,  these  may  be  termed : — 

(1)  Hypersthene-augite-gneiss. 

(2)  Augite-gneiss. 

A  specimen  from  the  shore  of  Loch  Glencoul  at  Unapool 
(3397)  may  be  taken  as  a  type  of  the  first  group.  It  is  a  dark 
rock  traversed  by  streaks  of  grey  material,  which  occasionally  die 
out  within  the  limits  of  the  hand-specimen. 
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The  green  pyroxene  occurs  in  irregular  grains  which  measure 
1mm.  or  less  in  diameter,  and  are  usually  of  equal  dimensions  in 
the  different  directions.  More  rarely  they  are  flattened  in  the 
direction  of  foliation  and  are  then  five  or  six  times  longer  than 
broad.  Several  grains  usually  occur  in  juxtaposition,  and  the 
aggregate  is  elongated  in  the  direction  of  foliation. 

The  hypersthene  belongs  to  the  strongly  pleochroic  variety 
(amblystegite).  It  also  forms  irregular  grains,  and  is  associated 
with  the  augite.  The  felspar  presents  the  characters  already 
described.  Quartz  occurs  as  irregular  grains,  and  also  as  small 
rounded  inclusions.  It  does  not  form  an  important  constituent, 
and  is  limited  to  the  lighter  portions  of  the  mass.  Magnetite  and 
apatite  occur  as  accessories. 

The  other  specimens  of  the  group  differ  from  the  one  selected 
as  a  type  principally  in  the  relative  proportions  of  the  constituents, 
and  in  the  extent  to  which  cataclastic  structures  have  been 
developed.  The  two  pyroxenes  seem  capable  of  replacing  each 
other  to  almost  any  extent.  In  some  specimens  augite  is  the 
dominant  ferro-magnesian  mineral ;  in  others  hypersthene.  Again 
there  are  great  variations  in  the  relative  proportions  of  the 
ferro-magnesian  and  the  quartzo-felspathic  constituents.  The 
tendency  of  these  two  groups  to  separate  is  seen  in  almost  every 
exposure,  and  just  as  hand  specimens,  composed  entirely  of  ferro- 
magnesian  minerals,  may  be  obtained  (pyroxenites),  so  also  may 
hand  specimens  entirely  composed  of  quartzo-felspathic  con- 
stituents be  procured  (3^405). 

In  one  specimen,  referred  to  in  this  group,  from  the  roadside 
north  of  Badcall  Church,  Scourie  (2989),  garnet  is  present  in 
considerable  amount.  This  is  merely  a  quartz-bearing  variety 
of  pyroxene-granulite.  It  illustrates  the  fact  that  each  variety  of 
rock  described  under  II a.,  has  its  corresponding  representative 
under  IIb. 

The  second  group  of  rocks  differs  from  the  first  only  in  the 
absence  of  hypersthene.  It  is  well  representod  by  a  specimen 
taken  from  a  point  west  of  Pairc-a-Chladaic,  Scourie  (4889). 
This  is  a  moderately  coarse-grained,  grey  rock  of  typical  gneissose 
structure.  The  quartz  is  abundant  and  occur;.*  in  lenticular  folia, 
which  are  distinctly  recognisable  on  a  weathe^'ed  s"rfr\ce.  There 
is  no  marked  banding  in  the  hand  specimen ;  but  the  two 
principal  constituents,  quartz  and  plagioclase  (oligoclase-andesine), 
occur  in  folia.  Augite  is  recognisable  in  the  microscopic  slide, 
but  is  not  abundant.  Some  of  the  augite  has  been  replaced  by 
uralitic  hornblende. 

The  rocks  of  this  group  pass  over  into  Group  IIIb.,  2,  by  imper- 
ceptible gradations  in  consequence  of  the  replacement  of  augite 
by  hornblende.  T\^'o  specimens,  in  which  this  replacement  has 
more  or  less  taken  place,  have  been  analysed  by  Mr.  Wilson. 
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Sp.  Gr.       -  3-02  -  2-77 

L — Gamet-quartz-pyroxene-gneiss,  north  of  Loch  Beannach,  north-west  of 
Little  Assynt  (7842)  This  rock  is  without  any  well-marked  parallel 
structure,  but  the  constituents  are  somewhat  unequally  mixed.  It  is  com- 
posed of  augite,  uralitic  hornblende,  plagiociase,  quartz,  iron-ores,  and 
garnet.  There  is  also  a  little  dark  brown  biotite  occurring  in  aggregates 
of  small  scales.     It  is  an  intermediate  form  between  IIb.  and  IIIb.  2. 

II. — Quartz-pyroxene-gneiss,  north-west  of  wood,  Loch-a-Bhaid-Daraich, 
Scourie  (7841).  This  rock  shows  a  well-marked  parallel  banding.  The 
same  constituents  are  present  as  in  the  last,  with  the  exception  of  garnet. 
The  ferro-magnesian  constituents  are  less  abundant,  and  there  is  more 
secondary  hornblende.  The  augite  forms  cores  in  the  hornblende-aggregate. 
This  rock  might  equally  well  be  placed  with  IIIb.  2. 

Owing  to  the  extreme  petrographical  diversity  of  the  Lewisian 
gneiss  as  a  whole,  it  is  diflScult  to  determine  the  average  com- 
position of  the  complex.  No  system  of  sampling  can  be  devised 
which  will  give  a  reliable  result.  The  general  impression  left 
after  the  examination  of  rocks  from  the  whole  of  the  area  under 
review  is  that  if  the  mass  were  uniform  it  would  be  of  inter- 
mediate composition,  not,  perhaps,  very  different  from  that 
represented  by  the  second  of  the  above  analyses. 

As  already  stated,  the  pyroxene- gneisses  are  the  dominant  rocks 
between  Scourie  and  Loch  Inver.  Most  of  the  specimens  in  the 
Survey  collection  come  from  the  neighbourhood  of  Scourie  and 
Kyle  Sku. 


IIIa.  hornblende-felspar  rocks  (basic). 

Rocks  into  which  hornblende  enters  as  the  principal  ferro- 
magnesian  constituent,  in  association  with  felspar,  or  with  felspar  and 
quartz,  play  a  very  important  part  in  the  composition  of  the  Lewisian 
gneiss.  They  vary  considerably  in  character,  and  doubtless  owe 
their  origin  to  various  causes.  In  the  present  condition  of  knowledge 
it  is  by  no  means  easy  to  formulate  or  apply  any  scheme  of  classifi- 
cation based  on  genetic  principles.     The  rocks  will,  therefore,  be 
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described  without  reference  to  their  mode  of  origin.  They  are 
partly  basic  and  partly  intermediate  in  composition ;  the  former 
answering  to  basic  diorites  and  epidiorites,  the  latter  to  qnartz- 
diorites  and  homblende-granitites.  It  will  be  convenient  to  take 
the  basic  division  first. 

The  basic  homblende-plagioclase  rocks  may  be  divided,  according 
to  structure,  into  those  which  are  massive  or  only  slightly  schistose 
(amphibolites)  and  those  which  are  markedly  foliated.  The  two 
are  oflien  intimately  associated,  so  that  one  and  the  same  mass  may 
be  an  amphibolite  in  its  centre  and  a  hornblende-schist  or  gneiss 
on  its  margins. 

The  typical  amphibolites  consist  of  hornblende  and  a  saussuritic 
aggregate  of  felspar  and  epidote  or  zoisite.  Some  rocks  which 
resemble  the  amphibolites  contain  garnet  with  or  without  epidote. 
These  will  be  classed  as  gamet-amphibolites.  A  somewhat  serious 
diflBculty  arises  from  the  overlapping  of  the  terms  amphibolite  and 
epidiorite.  The  general  plan  hitherto  adopted  is  to  use  the  term 
amphibolites  for  the  basic  hornblende-felspar  rocks  (wither  without 
a  mineral  of  the  epidote-group)  which  cannot  be  separated  from  the 
fundamental  complex,  and  the  term  epidiorite  for  the  corresponding 
rocks  which  belong  to  the  later  basic  intrusions.  But  this  plan  has 
its  disadvantages,  for  some  of  the  modified  dyke-rocks  are  indis- 
tinguishable from  rocks  described  under  the  present  head  as 
epidote-amphibolite.  It  would,  perhaps,  be  more  satisfactory  to 
limit  the  term  epidiorite  to  those  rocks  which  show  traces  of  the 
original  igneous  structure ;  but  even  this  would  not  be  free  from 
difficulty  in  consequence  of  the  innumerable  passage-forms.  The 
facts  can  best  be  described  without  attempting  to  give  rigid 
definitions  to  the  terms. 

In  addition  to  the  two  principal  constituents,  the  amphibolites 
usually  contain  epidote,  zoisite,  or  garnet.  The  hornblende  is  pale 
green  in  colour  and  usually  shows  a  bluish  tint  when  viewed  with 
rays  vibrating  parallel  to  Z.  It  often  occurs  in  fibrous  or  other 
aggregates,  and  when  present  as  compact  grains  the  outlines  are, 
as  a  rule,  very  irregular.  The  felspar  either  forms  a  mosaic,  with 
or  without  quartz,  or  else  occurs  in  irregular  patches,  which  give 
uniform  extinction  over  large  areas  and  interlock  with  each 
other,  so  as  to  form  a  kind  of  ground- mass  in  which  grains  and 
crystals  of  epidote  or  zoisite  are  often  scattered.  The  aggregates 
of  felspar  and  zoisite  or  epidote  answer  to  the  description  of 
saussurite  given  by  Cathrein.*  Iron-ores,  sphene,  and  chlorite 
occur  as  accessory  constituents. 

The  typical  amphibolites  are  dark-coloured,  medium-grained, 
massive  rocks.  They  differ*  from  normal  igneous  rocks  in  the 
mutual  relations  of  the  different  minerals  and  in  the  frequent 
presence  of  epidote  or  zoisite. 

One  of  the  most  remarkable  masses  of  amphibolite  in  the 
district  occurs  at  Cnoc-an-Sgriodach,  1|  mile  E.N.E.  of  the 
village  of  Stoer  (3409,  Plate  XLIII.,  Fig.  1).    It  is  devoid  of  foliation 

♦  ZtiUch,  f.  Kryst.    Band  VII.,  1883,  p.  234. 
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over  a  large  area  and  might,  at  first  sight,  be  taken  as  a  normal 
igneous  product.  The  hornblende  individuals  show,  under  the 
microscope,  a  marked  tendency  to  elongation  in  the  direction  of 
the  vertical  axis,  and  traces  of  crystalline  faces  in  the  prismatic 
zone  may  be  recognised ;  but  the  terminations  are  always  ragged. 
The  rudimentary  prisms  lie  scattered  in  all  directions  in  a 
saussuritic  aggregate  of  andesine  and  epidote.  This  mass  of 
epidote-amphibolite  contains  patches  and  veins  of  a  white, 
granular  rock,  composed  almost  entirely  of  andesine. 

The  distinction  between  epidote  and  zoisite  in  the  amphibo- 
lite  is  not  always  satisfactory,  because  one  and  the  same  grain 
will  sometimes  show  marked  variations  in  the  strength  of  the 
double-refraction. .  But  the  Survey  collection  includes  two 
specimens  of  typical  zoisite-amphibolite ;  one  from  Sango  Bay 
(2345)  near  Durness,  and  the  other  from  Lochan  nam  Breac 
Buidhe,  Eireboll  (241 5,  Plate  XLIII.,  Fig.  2).  Both  are  fine-grained, 
somewhat  foliated  rocks,  composed  of  green  hornblende  and 
saussurite.  The  rocks  are  mottled  in  consequence  of  the  unequal 
distribution  ot  the  saussurite  and  hornblende.  Under  the  micro- 
scope the  saussurite  is  seen  to  be  a  fine-grained  aggregate  of 
zoisite  and  felspar.     The  hornblende  is  fibrous  or  uralitic. 

The  garnet-amphibolites  are  dense,  dark  green,  medium-grained 
rocks  in  which  the  garnet  is  very  irregularly  distributed.  They  are 
often  intimately  associated  with  the  gametiferous  hypersthene- 
augite-plagioclase  rocks,  out  of  which  they  have  probably  been 
formed  by  the  uralitization  of  the  pyroxenes  and  the  saussuritiza- 
tion  of  the  felspar. 

In  addition  to  the  amphibolites  we  frequently  find  bands  of 
basic,  foliated,  hornblende-felspar  rocks  associated  with  the  horn- 
blende and  biotite-gneisses  of  the  northern  and  southern  portions 
of  the  area  under  consideration.  These  agree  very  closely  in 
composition  and  sometimes  also  in  structure  with  the  foliated 
portions  of  the  later  basic  intrusions,  so  that  in  regions  where  the 
complex  has  been  afiected  by  powerful  earth  movements,  since  these 
intrusions,  as,  for  example,  in  the  district  south  of  Poole  we,  it 
becomes  difficult  to  separate  the  early  from  the  later  basic 
material. 

The  region  between  Laxford  and  Durness  is  veiy  largely  com- 
posed of  hornblende-gneiss.  The  darker  and  more  basic  portions 
of  this  gneiss  are  essentially  composed  of  hornblende  and  a 
plagioclase  belonging  to  the  labradorite-andesine  series.  A  pale 
green  pyroxene,  epidote,  and  sphene  not  unfrequently  occur  as 
accessory  constituents.  Garnet  is  also  sometimes  present.  One  or 
two  examples  of  the  group  will  now  be  referred  to. 

A  specimen  from  Cape  Wrath  (2992)  is  of  medium  grain,  and 
almost  black.  The  rock  is  composed  of  green  hornblende,  more  or 
less  altered  plagioclase,  a  pale  green  pyroxene,  sphene,  iron-ores, 
apatite,  and  epidote.  The  hornblende  is  compact,  and  gives  no 
evidence  of  secondary  origin. 

Another  specimen,  \  mile  E.N.E.  of  Badcall  store  house,  Loch 
Laxford,   1  inch  Sheet  107  (3475),  contains  numerous  small  red 
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garnets,  and  shows  a  more  definite  separation  of  the  ferro-magnesian 
and  felspathic  constitaents.  The  felspar  occurs  in  small 
lenticular  granulitic  patches,  which  may  have  originated  by 
the  granulitization  of  larger  individuals.  This  rock  differs 
from  a  gamet-amphibolite  only  in  the  presence  of  a  slight 
foliation. 

Both  the  specimens  here  referred  to  contain  pyroxene;  but 
there  are  several  others  which  do  not  contain  this  mineral.  Thus 
a  specimen  from  the  shore  at  Torran,  in  the  northern  part  of  the 
Isle  of  Haasay  (5846),  is  a  moderately  coarse-grained,  dark,  basic, 
foliated  rock,  composed  of  hornblende  and  plagioclase,  with  biotite 
and  sphene  as  accessory  constituents. 

In  the  southern  part  of  the  area,  between  Gairloch  and  Loch 
Maree,  on  Loch  Torridon,  and  in  the  islands  of  Rona  and  Raasay 
there  are  many  bands  of  hornblende-schist  which  appear  to  form 
an  integral  part  of  the  Lewisian  Gneiss.  Here  and  there, 
however,  clear  evidence  of  their  original  intrusive  character  may 
be  obtained,  and  it  is  probable,  therefore,  that,  in  the  majority  of 
cases,  they  belong  to  the  series  of  later  basic  intrusions. 

IIIb.    hornblende-felspar  rocks,  with  quartz. 

The  remaining  rocks  in  which  hornblende  is  the  dominating 
fem>-magnesian  constitutent  may  be  most  conveniently  subdivided 
according  to  the  character  of  the  hornblende  and  the  structure  of 
the  rocks. 

1.  Rocks  with  compact  hornblende  and  a  more  or  leHs  granular ''^ 

structure.     Hornblende -gneiss  (proper). 

2.  Rocks  with  hornblende  occurring  in  fibrous  or  other  aggregates. 

3.  Rocks  with  compact  hornblende  and  a  more  or  less  granulitic 

structure.    Granulitic  hornblende-gneiss. 

The  typical  varieties  of  these  three  groups  are  well-defined  ;  but, 
as  so  frequently  happens  when  any  large  number  of  rocks  has  to 
be  dealt  with,  cases  arise  in  which  it  is  by  no  means  easy  to  say  to 
which  group  a  particular  specimen  should  be  referred.  The  rocks 
with  compact  hornblende  and  a  granular  structure  (Plate  XLII., 
Pig.  1)  are  especially  characteristic  of  the  northern  and  southern 
areas,  that  is  north  of  Loch  Laxford  and  south  of  liooh  Broom. 
They  graduat/C  on  the  one  side  into  the  pyroxene-gneisses  and 
on  the  other  into  biotite- gneisses. 

The  rocks  with  hornblende  occurring  in  fibrous  or  other  aggre- 
gates (Plate  XLIV.,  Figs.  1  and  2)  are  common  in  the  central  zone 
in  which  the  pyroxene-gneisses  abound,  and  they  are  connected 
with  these  in  such  a  manner  as  to  suggest  that  the  hornblende  is 
in  many,  if  not  in  all  cases  a  secondary  product  after  pyroxene. 

The  rocks  with  compact  hornblende  and  a  more  or  less  granulitic 
structure  (Plate  XLV.,  Figs.  1  and  2)  are  especially  characteristic  of 

*  The  term  granular  refers  only  to  the  relations  of  the  constituents.    The 
rocks  are  always  foliated  ;  often  banded. 
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the  narrow  ^ones  in  which  shearing  has  taken  place.  The  rocks 
of  the  three  groups  will  now  be  described  in  the  order  mentioned 
above. 

(1)  The  minerals  of  the  first  group  are  hornblende,  pyroxene, 
biotite,  felspar,  quartz,  epidote,  iron-ores,  sphene,  and  apatite. 

The  hornblende  rarely  shows  any  traces  of  idiomorphism.  It  is 
frequently  moulded  both  on  the  quartz  and  on  the  felspar.  In 
many  rocks  rounded  grains  of  quartz  occur  as  inclusions.  The 
characteristic  cleavages  are  well  marked,  and  twinning  of  the 
common  type  may  sometimes  be  seen.  The  colour  is  somewhat 
variable,  both  as  regards  tint  and  intensity,  but  it  is  always  some 
shade  of  green.  The  colour  schemes  of  two  common  types  are  as 
follows : — 

X  T  Z 

Yellowish  green.  Green.  Dark  green. 

Greenish  yellow.  Green.  Bluish  green. 

Pale  green  pyroxene  of  the  type  found  in  the  pyroxene-gneisses 
is  sometimes  present  as  an  accessory  constituent.  It  is  always 
sharply  defined  from  the  hornblende.  Whatever  may  have  been 
the  condition  under  which  the  rocks  assumed  their  present  form, 
the  one  mineral  is  as  much  entitled  to  be  regarded  as  an  original 
constituent  as  the  other.  Inclusions  of  pyroxene  may  sometimes 
be  seen  in  the  hornblende,  but  the  junctions  are  always  sharply 
defined.  The  pyroxene  never  resembles  an  unaltered  core,  as  it  so 
often  does  in  rocks  belonging  to  the  second  group. 

Biotite  is  found  in  the  more  acid  members  of  the  group.  It  is 
present  in  well-defined  plates.  The  basal  plane  is  developed,  but 
the  mineral  is  without  definite  crystallographic  outlines  in  the 
prismatic  zone.  In  sections  parallel  to  the  vertical  axis  the  colour 
lor  rays  vibrating  parallel  to  this  axis  is  yellowish  brown,  and  for 
rays  vibrating  at  right  angles  to  this  axis  deep  b^o^^^l.  The 
pleochroism  is  very  strongly  marked,  and  the  absorption  is  so 
great  in  the  case  of  rays  vibrating  at  right  angles  to  the  principal 
axis  that  the  mineral  is  nearly  opaque  in  ordinary  sections. 

Different  varieties  of  felspar  are  present  in  different  rocks.  The 
more  basic  members  of  the  group  contain  a  variety  allied  to  labra- 
dorite ;  while  the  more  acid  members  contain  oligoclase  and  some- 
times also  orthoclase  or  microcline.  It  is  not,  however,  until  the 
biotite-  gneisses  are  reached  that  potash  felspars  are  at  all  common. 
The  mineral  always  occurs  in  irregular  grains,  and  twinning  is 
sometimes  present,  sometimes  absent.  The  alteration  when 
present  is  always  of  the  micaceous  type. 

Quartz  occurs  in  the  form  of  rounded  grains  and  irregular 
patches.  It  is  sometimes  moulded  on  the  felspar,  but  occurs  also, 
in  the  form  of  rounded  grains,  as  inclusions  in  the  felspar  and 
hornblende.  The  hair-like  inclusions,  so  characteristic  of  the  blue 
quartz  of  the  pyroxene-gneisses  are  entirely  absent. 

Epidote  is  sometimes  present.  It  occurs  as  irregular  grains  and 
occasionally  as  more  or  less  idiom orphic  crystals.     Although  in 
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some  cases  undoubtedly  a  secondary  product,  in  others  it  is  as 
much  entitled  to  be  regarded  as  an  original  product  as  any  other 
mineral  present.  This  is  especially  the  case  with  certain  varieties 
of  gneiss  found  in  the  neighbourhood  of  Laxford  Bridge  (4471). 
The  idiomorphic  epidotes  are  not  as  a  rule  elongated  in  the 
direction  of  the  orthodiagonal  axis ;  but  occur  in  crystals  of  about 
equal  dimensions  in  the  different  directions.  The  forms  {100} 
{001^,  and  {TOl}  are  common  in  the  zone  of  the  orthodiagonal 
axis  and  terminal  faces,  if,  indeed,  they  may  be  so  called,  seeing 
that  there  is  no  marked  elongation  of  the  individuals,  may  also  be 
recognised,  but  not  easily  identified.  Cleavages  parallel  to 
{001}  and  {100}  occur,  and  the  characteristic  pleochroism  is 
strongly  marked. 

Colourless  epidote,  quite  distinct  from  the  above,  arising  as  a 
consequence  of  saussuritization,  may  be  seen  in  some  specimens 
(4437). 

The  other  minerals  occur  only  as  unimpoitant  accessories. 
Iron-ores  are  represented  by  magnetite  and  pyrite.  Sphene  is  by 
no  means  uncommon.  It  occurs  as  aggregates  of  colourless  and 
often  spindle-shaped  grains  (2390  Plate  XLII.,  Fig.  2) ;  less  fre- 
quently as  detached  grains  which  are  sometimes  coloured.  Apatite 
is  occasionally  found  as  short  stumpy  prisms,  or  as  irregular  grains. 

The  rocks,  as  a  rule,  are  remarkably  fresh,  but  the  felspars 
occasionally  show  the  micaceous  type  of  decomposition,  and  chlorite 
sometimes  occurs  as  a  consequence  of  the  alteration  of  the  ferro- 
magnesian  constituents. 

The  rocks  are  medium  to  coarse  in  grain,  and  vary  considerably 
in  the  relative  proportions  of  the  different  constituents.  Although 
corresponding,  as  a  rule,  to  plutonic  rocks  of  intermediate  composi- 
tion they  merge  on  the  one  side  into  basic,  and  on  the  other  into 
acid  rocks.  There  is  also  considerable  diversity  as  regards  the  extent 
to  which  parallel  structure  is  developed.  This  is  more  or  less 
recognisable  in  all  the  specimens ;  but  it  may  vary  from  a  vague 
orientation  of  the  minerals  in  a  rock  of  uniform  composition  to  a 
well-marked  banding  in  which  the  ferro-magnesian  and  quartzo- 
felspathic  constituents  have  been  concentrated  along  definite 
layers.  The  foliation  is  generally  of  the  plane-parallel  type ;  but 
the  linear  type  may  be  observed  in  districts  where  "  mull  ion- 
structure  "   is  prominent. 

This  type  of  rock  is  so  widely  distributed  in  the  northern  and 
southern  areas  that  it  is  scarcely  nececcssary  to  mention  any 
special  areas.  It  may  be  well  studied  near  Durness,  at  Poolewe, 
and  in  the  islands  of  Rona  and  Raasay.  The  principal  varieties 
may  be  designated  by  such  terms  as  hornblende-pyroxene-gneiss 
(3476,  2390),  homblende-biotite-gneiss  (1836,  2878,  3474),  and 
homblende-epidote-gneiss  (4474). 

(2)  The  hornblende  of  the  second  group  of  rocks  does  not  occur 
in  compact  masses,  but  as  aggregates  (Plate  XLIV.,  Figs.  1  and  2). 
The  individuals  of  which  these  aggregates  are  composed  vary  con- 
siderably in  size.  In  the  interior  of  a  patch  they  are  usually  small 
and  intimately  associated  with  grains  of  quartz.    Sometimes  calcite 
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is  present,  bat  this  is  rare.  The  peripheral  portions  of  a  patch  are 
ustially  formed  of  larger  grains  than  the  central  parte,  and  with 
these  larger  individuals  quartz  is  not  associated  (Plate  XLIV., 
Pig.  2).  The  above  must  b«  regarded  as  the  more  common  mode  of 
occurrence,  but  sometimes  the  grains  forming  the  interior  portions 
of  a  patch  are  uniformly  orientated,  or  even  connected  np  with 
hornblende -substance,  so  as  to  constitute  one  individual,  in  spite 
of  the  great  number  of  minute  and  more  or  less  rounded  grains  of 
quartz.     This  is  the  micro-poikilitic  structure  of  Williams. 

The  outlines  of  the  patches  of  hornblende  are  irregular,  and  the 
adjacent  mineral,  whether  quartz  or  felspar,  accommodates  itself 
perfectly  to  these  outlines.  The  hornblende  of  these  rocks  is 
identical  with  that  of  the  gabbro-diorite  of  Williams.  An  interest- 
ing question  arises,  therefore,  as  to  the  relation  of  this  form  of 
hornblende  to  the  pyroxene  of  the  pyroxene-gneisses.  The  rocks 
are  found  in  the  same  area  as  the  pyroxene-gneisses.  Moreover, 
pyroxene  is  sometimes  present;  and  when  this  is  the  case,  the 
relations  of  the  pyroxene  to  the  hornblende  are  such  as  to  suggest 
that  the  latter  mineral  is  of  secondary  origin.  Thus  the 
pyroxene  occurs  as  cores  in  the  aggregates  of  hornblende 
(855, 4468) ;  its  outlines  are  ragged  and  ill-defined,  and  there  is,  as  it 
were,  a  blending  of  the  two  minerals,  so  that  it  is  often  difficult  to 
say  where  one  ends  and  the  other  begins. 

It  thus  appears  that  there  is  a  marked  contrast  between  the 
hornblende  of  these  rocks  and  that  of  the  hornblende-gneisses  of 
the  northern  and  southern  areas.  In  the  latter  the  hornblende 
occurs  in  the  compact  form  as  individuals  of  considerable  size,  and 
although  it  occasionally  contains  one  or  two  rounded  grains  of 
quartz  these  never  occur  in  such  numbers  as  to  produce  the 
typical  micro-poikilitic  structure.  Moreover,  the  relations 
between  pyroxene  and  hornblende  are  quite  different  in  the  two 
cases.  In  the  one  pyroxene  appears  to  shade  off  gradually  into  the 
hornblende-aggregates  ;  in  the  other  the  two  minerals  are  always 
sharply  separated,  and  both  are  compact. 

Biotite  is  very  frequently  present  as  a  constituent  of  the  rocks 
now  under  consideration.  Like  the  hornblende  it  occurs  in 
aggregates — not  in  isolated  flakes  of  considerable  size.  The  small 
flakes  are  brown  or  reddish  brown  in  colour  ;  in  fact  the  mineral, 
both  in  its  character  and  mode  of  occurrence,  more  closely 
resembles  that  of  contact  rocks  than  that  of  normal  igneous 
products.  The  aggregates  of  biotite  are  usually  associated  with 
those  of  hornblende,  and  bear  the  same  relation  to  the  adjacent 
quartz  and  felspar. 

The  felspar  is  similar  to  that  of  the  pyroxene-gneisses.  It  is 
generally  fresh  and  free  from  inclusions,  but  occasionally  contains 
prisms  of  colourless  epidote.  Decomposition  of  the  micaceous 
type  has,  in  a  few  instances,  given  rise  to  turbidity. 

The  quartz  is  precisely  similar  to  that  of  the  pyroxene-gneisses, 
and  contains  the  same  hairs  and  rows  of  dots.  The  other  minerals 
which  do  not  call  I'nr-  ild.'iilfd  descriptiun  nf-  niafjiietite,  pyrite, 
sphene,  and  apatiti.\  'I'iify  are  not  always  present,  and,  when 
present,  occur  only  as  unimportant  aocessones. 
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The  rocks  bear  the  closest  external  resemblances  to  the  pyroxene- 
gneisses  with  which  they  are  associated,  and  into  which  they 
pass  by  imperceptible  gradations.  So  close  is  this  resemblance 
that  it  is  almost  impossible  to  distinguish  in  the  field 
between  the  two  groups.  They  are  of  medium  grain  and 
generally  grey  in  colour ;  but  the  constituents  are  rarely 
distributed  uniformly  through  the  mass,  and,  of  course,  the 
colour  varies  with  the  relative  proportions  of  the  different  con- 
stituents. A  more  or  less  well-marked  parallel  structure  due  to 
concentration  of  the  black  and  white  constituents  along  planes  or 
folia  can  generally  be  detected.  This  parallel  banding  is  not, 
however,  so  well  defined  as  in  the  normal  hornblende-gneisses. 
The  folia  are  not  so  persistent,  and  their  boundaries  are  less 
sharply  defined. 

It  thus  appears  that  as  regards  distribution,  general  aspect, 
character  of  the  foliation,  and  the  nature  of  the  quartz,  these  rocks 
are  intimately  related  to  the  pyroxene-gneisses.  Taking  all  these 
&cts  into  consideration,  as  well  as  the  peculiar  relation  of  the 
pyroxene  and  hornblende  in  certain  specimens,  it  seems  impossible 
to  avoid  the  conclusion  that  they  have  been  formed  from  the 
pyroxene-gneisses  by  secondary  metamorphic  processes. 

The  general  distribution  of  the  rocks  has  already  been  referred 
to.  The  Survey  collection  includes  good  examples  from  Unapool, 
near  Kyle  Sku  (853),  Scourie  (849),  a  promontory  in  Loch  Maree, 
3^  miles  south-east  of  Poolewe  (4187),  and  200  yards  north-west 
of  the  bridge  over  the  Inver,  Loch  Inver  (4461).  Specimens  con- 
taining cores  of  pyroxene  come  from  Scourie  (853)  and  from 
Craig-a-Mhail,  north  of  Scourie  Bay  (4468). 

(3)  The  typical  rocks  of  the  third  group  differ  in  a  most  marked 
manner  from  those  of  the  other  two.  They  are  grey  in  colour, 
fine  in  grain,  granulitic  in  texture,  and  split  readily  into  thin 
slabs. 

The  hornblende  is  compact,  and  the  individuals  are  often 
elongated  in  the  direction  of  the  vertical  axis.  Along  with  this 
goes  a  tendency  to  idiomorphisni,  so  that  the  forms  {110}  and 
{010}  may  be  frequently  recognised.  Inclusions  of  quartz  some- 
times occur  in  the  central  portions  of  the  larger  individuals  (Plate 
XLV.,  Fig.  1).  The  pleochroism  is  similar  to  that  in  the  group  last 
described : — X  yellowish  green,  Y  green,  Z  bluish  green.  Twinning 
parallel  to  the  ortho-pinacoid  is  sometimes  present.  In  some  rocks 
the  mineral  occurs  as  long  prisms  (Plate  XLV.,  Fig.  1) ;  in  others 
as  grains  of  fairly  uniform  dimensions  (Plate  XLV.,  Fig.  2). 

Brown  biotite  may  be  present  as  small,  thin,  isolated  plates; 
epidote  as  minute  crystals  and  grains ;  iron-ores  as  grains  and 
crystals  of  magnetite  or  pyrite,  and  more  rarely  as  thin  plates  of 
ilmenite.  Sphene  and  rutile  sometimes  occur  as  accessories.  The 
above  constituents  lie  in  a  granulitic  mosaic  of  quartz  and  felspar 
(Plate  XLVI.,  Fig.  1). 

When  the  hornblende  is  developed  in  long  prisms  the  contrast 
between  the  crystals  of  this  mineral  and  the  constituents  of  the 
pound-mass  is  very  striking ;  but  when  this  form  is  absent  the 
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individuals  approximate  in  size  to  those  of  the  ground-mass,  and 
the  rock  then  becomes  a  typical  homblende-granulite  (4454,  Plate 
XLV.,  Fig.  2).  The  foliation  is  plane-parallel,  with  a  tendency  in 
some  specimens  to  the  linear  type. 

Bocks  of  this  type  are  especially  characteristic  of  the  narrow 
shear-zones  which  traverse  the  Lewisian  gneiss,  and  which  are  in- 
dicated on  the  one-inch  map  by  opaque  yellow  lines.  As  bearing  on 
their  origin,  a  specimen,  selected  by  Mr.  Clough  (3454)  "to  show  the 
old  broad  planes  of  original  foliation  in  contact  with  the  newer  and 
thinner  planes  developed  in  a  pre-Torridonian  slide,"  will  be  more 
fully  described.  It  comes  from  the  west-end  of  Loch  na-h-Airidh 
Sleibhe  [Sutherland,  6-inch  Sheet  39,  north-east,  1-inch  Sheet 
107].  One  portion  is  a  dark,  medium-grained  rock  with  bands 
due  to  a  variation  in  the  relative  proportions  of  the  darker 
and  lighter  coloured  constituents.  The  limits  of  the  bands  are 
not  sharply  defined,  but  they  are  sufficiently  distinct  to  leave  no 
doubt  as  to  the  structure  of  the  rock.  Under  the  microscope  this 
portion  is  seen  to  be  composed  of  oligoclase,  quartz,  hornblende, 
and  biotite,  with  iron-ores  and  apatite  as  accessories.  The  quartz 
and  felspar  are  related  to  each  other  as  in  many  granitic  rocks. 
Sometimes  the  oligoclase  shows  a  slight  tendency  to  idiomorphism, 
and  is  more  or  less  turbid  in  consequence  of  alteration.  The 
hornblende  is  of  the  porous,  spongy  type  found  in  the  last  group 
of  rocks.  The  biotite  is  also  similar  in  colour  and  mode  of 
occurrence  to  that  found  in  the  same  group ;  but  the  individuals 
are  somewhat  larger. 

Another  portion  of  the  same  specimen  is  foliated  in  a  direction 
nearly  at  right  angles  to  that  of  the  part  just  described.  The  folia 
are  thinner,  and  the  micro-structure  of  the  rock  is  different.  The  con- 
stituents are  felspar,  quartz,  hornblende,  and  iron-ores  (magnetite 
and  pyrite) ;  with  epidote  as  an  accessory.  The  hornblende  occurs 
in  grains  which  are  sometimes  elongated  in  the  direction  of  the 
vertical  axis,  and  when  this  is  the  case  the  individuals  are  arranged 
with  their  longer  axes  more  or  less  parallel  to  the  planes  of 
secondary  foliation.  There  are  a  few  large  turbid  individuals  of 
felspar  which  sometimes  show  traces  of  idiomorphism,  but  the  Imlk 
of  the  quartz  and  felspar  forms  a  typical  granulitic  mosaic. 

There  is  no  hard  and  fast  line  between  the  two  varieties  of  rock. 
The  direction  of  foliation  changes  rapidly,  and  along  with  this 
change  in  direction  goes  the  change  in  structure  of  the  rock.  The 
moderately  coarse  granitic  structure,  as  seen  in  the  relation  of  the 
quartz  and  felspar  of  the  one  variety,  passes  over  into  the  fine 
granulitic  structure  as  seen  in  the  relation  of  the  same  two 
minerals  in  the  other. 

A  change  of  this  kind  is  frequently  seen,  not  only  in  the  gneiss, 
but  also  in  the  dykes  which  cut  the  gneiss.  As  it  occurs  in  both 
rocks,  notwithstanding  their  difference  in  age,  along  narrow  zones 
which  shift  the  dykes  as  faults  and  which  give  independent 
evidence  of  having  been  zones  of  shearing,  it  is  supposed  to  owe  its 
origin  to  secondary  dynamic  causes.  It  is  worthy  of  note  that 
this  change  from  a  granitic  to  a  granulitic  structure  is  unaccom- 
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panied  by  those  evidences  of  fracture  and  trituration  which  are 
invariably  associated  with  the  development  of  mylonites.  The 
difference  in  the  two  cases  is  probably  due,  as  Professor  Judd  has 
suggested,*  to  differences  in  the  temperature  and  pressure  under 
which  the  deformation  was  effected.  In  the  one  case  (granulitiza- 
tion)  the  straining  of  the  rock  produces  molecular  and  in  the 
other  (mylonitization)  molar  displacements. 

It  follows,  as  a  necessary  consequence  of  the  above  view  as  to 
the  origin  of  the  granulitic  hornblende-gneisses,  that  the  grains  of 
quartz  and  felspar  should  not  be  uniformly  distributed  through 
the  granulitic  mosaic.  Lenticular  folia  of  quartz  should  alternate 
with  corresponding  folia  of  felspar;  the  grains  of  each  separate 
folium  representing  collectively  one  of  the  larger  individuals  of 
the  granular  aggregate.  Such  a  mode  of  distribution  of  quartz 
and  felspar  may  frequently  be  observed.  Thus  in  the  typical 
homblende-granulite  (4454,  Plate  XLV.,  Fig.  2),  the  quartz-felspar 
mosaic  is  formed  of  narrow  lenticular  folia.  This  cannot  be 
distinctly  seen  in  ordinaiy  light,  because  both  minerals  are 
colourless  and  occur  in  grains  of  about  the  same  size.  But  if  the 
slide  be  uncovered  and  treated,  first  with  hydrofluoric  acid  and 
afterwards  with  fuchsine-solution  or  some  other  staining  medium, 
the  separate  folia  of  quartz  and  felspar  can  be  easily  distin- 
guished (Plate  XLVI.,  Fig.  2).  Typical  examples  of  granulitic  horn- 
blende-gneiss may  be  observed  on  the  roadside  west  of  Loch-an- 
h'lrinne,  Clachtoll,  near  Loch  Inver  (4454) ;  250  yards  north  of 
the  bridge  over  the  Inver,  near  Loch  Inver  (4450) ;  at  Loch-an- 
Eun,  1^  miles  E.N.E.  of  Loch  Inver  (3740) ;  and  many  other 
localities  in  Sheet  107. 

IV.    ROCKS   IN   WHICH    BIOTITE  IS  THE  DOMINATING  FERRO-MAGNESIAN 
CONSTITUENT;   FELSPAR   AND   QUARTZ  BOTH    PRESENT. 

If  biotite-gneiss  be  defined  as  a  foliated  crj- stalline  rock,  com- 
posed of  biotite,  felspar,  and  quartz,  it  includes  rocks  formed  in 
many  different  ways.  Taken  in  this  broad,  general  sense,  it  is 
one  of  the  most  widely  distributed  rocks  in  the  Highlands  of 
Scotland.  But  it  may  be  in  one  place  a  foliated  granite,  in 
another  a  granite  modified  by  dynamic  action,  in  a  third  a  part  of 
a  gneissose  complex,  and  in  a  fourth  a  metamorphosed  grit  in 
which  all  the  original  clastic  characters  have  disappeared.  Even 
this  does  not  exhaust  the  list  of  the  possible  modes  of  origin  of 
biotite-gneisses,  for  there  is  good  reason  to  believe  that  many 
rocks  of  the  Central  Highlands,  to  which  the  term  is  applicable, 
have  originated  by  the  metamorphism  of  argillaceous  sediments. 

The  pre-Torridonian  rocks  of  the  north-west  of  Scotland  contain 
representatives  of  at  least  two  of  the  above  groups.  Mr.  Clough 
has  shown  that  in  the  neighbourhood  of  Laxford  Bridge  there  are 
numerous  intrusions,  often  of  a  sill-like  character,  of  gneissose- 

*  **0n  static  and  dynamic  metamorphism.''  Oeol.  Mag,^  ser.  3,  vol. 
vi.,  pp.  243-249. 
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granite.  These  belong  to  the  first  or  second  groups — possibly 
they  contain  representatives  of  both.  Biotite-gneisses  also  enter 
into  the  composition  of  the  fundamental  complex,  especially  in 
the  northern  and  southern  areas.  These  constitute  the  third 
group,  which  may  be  subdivided  very  much  in  the  same  way  as 
the  hornblende-gneisses : — 

1.  Rocks  with  biotite  occurring  in  independent  plates  or  aggregates  of 

two  or  three  large  individuals.   Structure  more  or  less  granular. 
Biotite-gneiss  (proper). 

2.  Rocks  with  biotite  occurring  in  aggregates  of  small  scales. 

3.  Rocks  in  which  the  biotite  occurs  as  more  or  less  independent 

plates ;  structure  granulitic. 

(1)  The  minerals  of  the  first  group  are  biotite,  oligoclase, 
alkali-felspar,  and  quartz,  with  epidote,  orthite,  apatite,  and  sphene 
occurring  as  accessories.  Hornblende  and  pyroxene  sometimes 
occur  in  passage  varieties,  indicating  transitions  into  groups 
already  described. 

Biotite,  which  is  the  distinctive  mineral  of  the  group,  though  by 
no  means  the  most  abundant,  occurs  in  independent  plates  or  in 
aggregates  of  two  or  three  large  individuals  which  mutually  inter- 
fere with  each  other.  The  basal  plane  is  often  well-developed, 
but  the  boundaries  in  the  prismatic  zone  are  usually  irregular  and 
often  very  ragged.  The  pleochroism  is  strongly  marked.  The 
usual  colour  is  brown ;  but  a  green  variety  is  sometimes  present. 

The  felspars  include  oligoclase  and  an  alkali  felspar  which 
Qsually  presents  the  structure  of  microcline.  Oligoclase  occasion- 
ally, though  rarely,  shows  a  faint  tendency  to  idiomorphism ; 
microcline  is  invariably  interstitial.  The  felspars  have  suffered 
but  little  from  alteration.  A  slight  turbidity  due  to  the  mica- 
ceous type  of  decomposition  may  occasionally  be  seen  in  the 
oligoclase,  but  the  microcline  is  always  water-clear. 

In  the  typical  rocks  of  this  group  the  boundaries  of  the  felspar 
are  more  or  less  rounded,  and  lobes  of  quartz  project  into  this 
mineral.  Rounded  grains  of  quartz  also  appear  to  occur  as  inclu- 
sions ;  but  these  may  be  sections  of  lobes  so  cut  as  not  to  show 
he  connection  with  adjacent  quartz.  This  is  the  "quartz  de 
coiTosion  "  of  French  authors.  It  occurs  in  granites,  and  there- 
fore serves  to  connect  the  biotite-gneisses  of  this  type  with 
pi u tonic  igneous  rocks. 

The  quartz,  which  is  abundant,  contains  many  minute,  indeter- 
minable specks  and  flecks ;  but  the  hair-like  bodies,  so  common  in 
the  blue  quartz  of  the  pyroxene-gneisses,  are  absent.  Liquid 
inclusions  have  not  been  observed. 

The  hornblende  and  pyroxene,  when  present,  are  precisely 
similar  to  the  minerals  of  the  hornblende  and  pyroxene-gneisses. 
Epidote  is  often  visible  and  appears,  in  most  cases,  to  be  an 
original  constituent.  It  occurs  as  irregular  grains  and  more  or 
less  perfect  crystals.  The  pale  yellowish-green  variety  sometimes 
contains  a  kernel  of  deep  brown  orthite  (5858,  5893).  Epidote,  as 
is  well  known,  is  frequently  formed,  together  with  chloritey  by  tht 
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alteration  of  ferro-magnesian  constituents,  and  instances  of  this 
mode  of  origin  are  not  wanting  in  the  group  of  rocks  now  under 
consideration;  but  there  are  many  other  cases,  as  for  example 
when  epidote  occurs  in  perfectly  fresh  biotite,  which  cannot 
be  explained  in  this  way.  Again  the  occurrence  of  cores  of 
orthite  tells  in  favour  of  the  original  character  of  some  of  the 
epidote. 

Apatite  is  commonly  present,  but  never  in  any  quantity.  It 
forms  grains  or  thick  prisms  with  rounded  angles,  li'on  oret?  are. 
as  a  rule,  absent. 

The  rocks  are,  for  the  most  part,  medium  grained  grey  gneiabe?:. 
which  often  show  a  well-marked  parallel  banding.  One  or  tw. 
specimens  referred  to  in  this  group  may  possibly  belong  to  the  lai*:' 
granitic  gneisses ;  but  pink  gneisses,  which  cannot  be  sej lara'e' 
from  the  fundamental  complex,  occur  in  some  localities,  u^  i- 
example  in  the  north  of  Raasay.  As  a  rule  there  i.*;  no  !:ia-K-'. 
difference  in  size  between  the  different  constituents,  bw: 
augen-gneiss  occurs  on  a  limited  scale  in  the  island  <A'  K'>nL  i 
contains  large,  lenticular  crystals  of  pink  orthoclai>e  in  ^a-i-uu 
twins.* 

A  specimen  from  ^-mile  east  of  Sangobeag  f812>j;.  l>uri»*f> 
composed  of  biotite,  microcline,  oligoclase,  and  quart;'  v.j; 
accessory  hornblende,  was  analysed  by  Mr.  Wilbou  wiv  u- 
following  result : — 
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Specimens  from  the  west  side  of  the  Kyle  of  Durness  (2384),  from  a 
point  one  mile  south  of  Rhiconich  (4475),  and  from  Beinn-na-hlolaire, 
north  poiiion  of  Baasay  (5909,  5910),  may  be  referred  to  as 
typical  examples.  The  two  specimens  from  the  last-mentioned 
locality  illustrate  the  extreme  variability  of  the  group  so  far  as  the 
relative  proportions  of  the  different  constituents  are  concerned. 
The  one  is  a  dark  rock  rich  in  biotite,  the  other  a  light-coloured 
rock  almost  entirely  composed  of  quartz  and  felspar. 

(2)  The  rocks  of  the  second  group  in  which  biotite  occurs  in 
aggregates  of  small  scales  are  intimately  related  to  those  of  the 
second  group  of  hornblendic  rocks  (III.  B2).  They  occur  in  the 
same  •  district  and  pass  into  the  rocks  of  that  group  by  imper- 
ceptible gradations.  The  biotite  occurs  in  aggregates  of  reddish- 
brown  or  greenish  scales.  The  reddish-browTi  variety,  both  in 
character  and  mode  of  distribution,  is  very  similar  to  that  of  many 
contact  rocks.  Felspar  occurs  in  irregular  grains  and  may  be 
either  striated  or  unstriated.  The  mean  refractive  index  is 
higher  than  that  of  oligoclase,  and  no  difference  can  be  detected 
between  the  average  refractive  indices  of  the  striated  and  un- 
striated sections.  In  a  specimen  from  one  mile  north-east  of 
Cnoc  Odhair,  south  of  Scourie  (4445),  the  felspars  show  a  fibrous 
structure.  The  included  fibres  have  a  lower  refractive  index  than 
the  felspar  which  surrounds  them,  and  the  structure  is  therefore 
probably  due  to  an  intergrowth  of  two  felspars,  not  of  felspar  and 
quartz ;  in  other  words,  it  is  microperthitic,  not  micropegmatitic. 

Quartz  occurs  in  irregular  grains  and  granular  or  granulitic 
aggregates.  It  resembles  the  quartz  of  the  pyroxene-gneisses  and 
contains  the  thin  hair-like  bodies  and  rows  of  dots.  Iron  ores  are 
invariably  present,  and  apatite  may  usually  be  recognised. 

The  rocks  are  medium  grained,  grey  or  brown  gneisses,  and  they 
resemble  the  pyroxene-gneisses  in  the  character  of  their  foliation. 
The  brownish  tint  of  many  of  these  rocks  is  due  to  the  biotite. 
The  intimate  connection  between  these  rocks  and  the  pyroxene- 
gneisses  has  already  been  referred  to.  They  contain  the  same 
variety  of  quartz,  occur  in  the  same  areas,  and  possess  the  same 
structure.  Biotite  of  the  same  type  has  already  been  described  as 
occurring  in  the  second  group  of  hornblendic  gneisses,  which  there- 
fore occupy  an  intermediate  position  between  the  pyroxene-gneisses 
and  the  rocks  now  under  consideration.  A  specimen  from  Craig  a 
Mhail,  on  the  north  side  of  Scourie  bay  (4447),  may  be  taken  as 
typical  of  the  group. 

(3)  The  third  group  consists  of  granulitic  biotite-gneisses.  These 
rocks  are  developed  in  the  shear-zones  under  the  same  conditions 
as  the  granulitic  hornblende-gneisses.  A  typical  specimen  from  a 
point  20  yards  south-west  of  Loch  nan  Eun,  near  Loch  Inver  (4449), 
is  composed  of  small  scales  of  biotite,  grains  of  epidote,  and  a  granu- 
litic mosaic  of  quartz  and  felspar.  In  general  appearance  it  may 
be  described  as  a  grey,  laminated  granulite,  differing  only  from  the 
hornblende-granulites  in  containing  biotite  instead  of  hornblende. 
The  slabby  mode  of  fracture  characteristic  of  the  granulitic  rocks 
is  well  marked. 
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Other  specimens  contain  hornblende  as  an  accessory.  The 
derivation  of  these  rocks  from  others  of  a  coarser  and  more  granular 
structure  is  often  clearly  traceable  in  the  field. 

V.     ROCKS    IN     WHICH    TWO    MICAS    ARE    PRESENT,   TOGETHER    WITH 

QUARTZ   AND   FELSPAR. 

Mtiscovite-hiotitc-gneiss. 

Bocks  answering  to  the  above  definition  torm  a  somewhat 
variable  group.  They  are  found  in  the  southern  area,  between 
Gruinard  Bay  and  Loch  Torridon. 

Three  more  or  less  distinct  types,  which  will  be  referred  to  as  the 
(a)  Gabeg  type  (Cadha  Beag — at  the  bend  of  the  road,  ^  mile  north- 
west of  Little  Gruinard),  (h)  the  Meall  Riabliach  (a  hill  one  mile 
north  of  Rhn  Noa  pier  at  the  head  of  Loch  Maree)  type,  and  (c)  the 
Ben  Dearg  (a  hill  three  miles  N.N.E.  of  Torridon  House)  type, 
may  be  recognised. 

(a)  The  rocks  of  the  Cabeg  type  may  be  either  banded  (5509)  or 
fairly  massive,  with  only  faint  indications  of  parallel  structure 
(4661).  White  mica  is  by  no  means  conspicuous,  either  in  the 
hand-specimens  or  in  microscopic  sections.  Tlie  constituents  are 
oligoclase,  microcline  (sometimes  absent),  biotite,  muscovite,  and 
quartz,  with  epidote,  sphene,  and  apatite  as  accessories.  The 
special  feature  of  this  type  is  the  occurrence  of  large,  irregular 
grains  of  oligoclase  crowded  with  minute,  idiomorphic  crystals  of 
epidote.  Dr.  E.  Weinschenck  has  described  and  figured  a  similar 
occurrence  of  epidote  (zoisite)  in  the  oligoclase  of  the  Gross 
Venediger.*  He  regards  the  mineral  as  an  original  product  of  the 
granitic  magma. 

Microcline,  when  present,  is  always  subordinate  to  the  oligoclase. 
Quartz  occurs  in  large  grains  containing  liquid  inclusions.  Biotite 
forms  flakes  of  considerable  size,  several  of  which  usually  occur 
together.  Muscovite  occurs  in  well  crystallised  flakes,  but  never 
in  abundance.  Epidote  is  found  not  only  as  inclusions  in  the 
felspar,  but  also  as  grains  of  considerable  size  in  association  with 
the  biotite.  Sphene  and  apatite  are  present  as  unimportant  ac^ces- 
sories.  This  type  occurs  300  yards  west  of  the  summit  of  the 
Cabeg  road,  south  of  Gruinard  Bay  (5509) ;  near  Loch  Bad  na 
Cuileg,  south  of  Little  Gruinard,  in  the  same  neighbourhood  (5515) ; 
south  of  Loch  na  Curaich,  2  miles  W.S.W.  Toolewe  (4991);  and 
at  Creag  Mheall  Mhor,  on  the  north-east  side  of  Loch  Maree  ('IGGl). 

(h)  Gneisses  of  the  Meall  Biabhach  type  are  developed  on  the 
north-east  side  of  Loch  Maree,  between  Ben  81ioch  and  Ben  Lair. 
The  region  is  one  in  which  the  rocks  have  been  profoundly  modified 
by  dynamic  action  ;  and  many  of  the  distinctive  characters  of  the 
group  are  the  result  of  this  action.  Thus,  in  the  hand-specimens,  the 
constituents  are  not,  as  a  rule,  sharply  separated  from  each  other  as 

♦  "  Beitrajge  zur  Petrographie  der  ostlichen-central-alpen."    Abh.  d.  Akad. 
d.  Wi$s,f  Auinchen,  xviii. 
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they  are  in  most  of  the  rocks  already  described,  in  which  the 
dynamic  action  has  been  either  anterior  to  or  simultaneous  with 
the  crystallisation.  The  explanation  of  this  macroscopic  character 
is  furnished  by  microscopic  examination.  The  larger  constituents 
are  seen  to  lie  in  a  matrix  of  secondary  crush  material. 

A  typical  specimen  of  the  group  from  Leth  Chreag.  about  half- 
way between  Letterewe  and  Loch  Garbhoig,  is  mainly  composed 
of  oligoclase,  microcline,  and  quartz  (4429),  with  some  biotite, 
muscovite,  and  epidote.  Crush-structures  are  strongly  marked  and 
affect  all  the  constituents.  The  larger  grains  lie  in  a  secondary 
matrix,  mainly  composed  of  quartz,  but  containing  also  ci*ushed 
felspar  and  muscovite.  The  original  quartz  grains  have  been 
drawn  into  lenticles  and  "  flaser  "  with  the  development  of  micro- 
crystalline  and  even  crypto-crystalline  material. 

Another  specimen  from  the  west  side  of  Leth  Chreag  bum  (4432) 
is  a  pinkish  gneissose  rock  containing  "  eyes "  and  long  spindle- 
shaped  folia  of  microcline.  It  shows  marked  linear  foliation  and  is 
intermediate  between ''  augen-gneiss"  and  halleflinta-like  mylonites, 
both  of  which  occur  in  the  same  district. 

(c)  The  rocks  of  the  Ben  Dearg  type  show  a  well  marked  plane- 
parallel  foliation.  White  mica  is  abundant,  and  gives  the  charac- 
teristic silvery  lustre  to  the  flat  surfaces  of  schistosity.  The 
constituents  are  microcline,  oligoclase,  quartz,  biotite,  and  muscovite. 
Traces  of  cataclastic  structure  may  be  observed  in  some  specimens. 
The  type  rocks  come  from  Ben  Dearg,  three  miles  N.N.E.  of  Torri- 
don  House,  Loch  Torridon  r4356,  4357,  4358) ;  but  similar  rocks 
occur  north  of  the  bend  in  Ailt  Coire  nan  Dearcag,  1^  miles  N.N.E. 
of  Ardlair,  Loch  Maree  (Sheet  92,  5484),  and  about  ^  mile  north- 
west of  Carnmore  old  house,  four  miles  N.N.E.  of  Letterewe,  Loch 
Maree  (5216). 

In  addition  to  the  rocks  above  referred  to  there  are  others  which 
do  not  fall  readily  into  the  above  scheme  of  classification.  There 
are,  for  example,  granulitic  muscovite-biotite-gneisses  resembling 
in  structure  the  rocks  of  the  shear-zones  (5486) ;  highly  schistose 
rocks  containing  much  silvery  white  mica  (5113);  and  gneisses 
containing  thin  lenticular  folia  of  quartz  which  project  on  the 
weathered  surface  (4406,  4339).  Micas  are  not  conspicuous  in  the 
last  mentioned  group,  which  is  in  other  respects  allied  to  the 
gneisses  of  the  Ben  Dearg  type. 


CHAPTER  V. 

ARCHITECTURAL  FEATURES  OF  THE   FUNDAMENTAL 

COMPLEX.* 

The  principal  varieties  of  rock  entering  into  the  composition  ot 
the  Fundamental  Complex  have  now  been  described.  It  remains 
to  give  some  account  of  the  way  in  which  they  are  associated  so  as 
to  build  up  the  complex  ;  or,  to  use  an  expression  introduced  by 
Prof.  BrOgger,  of  the  architectural  features  of  tlie  mass.  As  these 
features  have  been  described  in  other  portions  of  the  Memoir,  it 
will  suffice,  in  this  connection,  to  call  attention  to  the  more 
important  points. 

Tlie  fact  that  no  one  type  of  rock  occurs  over  any  large  area  has 
already  been  referred  to.  Variations  in  the  relative  proportions 
of  the  different  constituents  are  almost  everywhere  noticeable,  and 
there  is  great  diversity  in  the  mode  of  association  of  the  different 
varieties  of  rock. 

If  we  leave  out  of  account  the  rocks  of  supposed  sedimentary 
character,  the  most  striking  features  of  the  complex  are  due  to  the 
mode  of  association  of  lighter  and  darker  varieties;  that  is,  of 
rocks  rich  in  ferro-magnesian  minerals  and  others  rich  in  felspar 
and  quartz.  The  primary  cause  of  the  architectural  features  is 
that  which  produced  a  heterogeneous  mass  wherein  the  ferro- 
magnesian  and  quartzo-fel spathic  constituents  were  unevenly 
distributed.  After  a  complex  of  this  kind  had  been  formed,  either 
by  differentiation,  or  by  the  intrusion  of  nu;re  acid  into  more  basic 
material,  or  to  both  of  these  operations  combined,  the  secondary 
and  more  striking  features  were  undoubtedly  determined  by  plastic 
deformation. 

In  wandering  over  the  region  of  Lewisian  gneiss  in  the  north- 
west of  Scotland,  it  is  impossible  to  avoid  being  forcibly  impressed 
with  the  resemblance  between  the  architectural  featiu-es  of  the 
rocks  and  the  forms  and  dispositions  of  the  foam-flecks  on  the 
pools  of  comparatively  still  water  below  falls  and  rapids.  In  the 
spaces  where  little  or  no  movement  is  going  un,  irregular  and 
rounded  masses  of  foam  are  separated  by  dark  areas  of  still  water. 
On  the  margins  of  these  spaces,  where  movement  is  in  progress, 
they  are  dra\^Ti  out  first  into  lenticles  and  tlien  into  thin  streaks 
which  may  remain  parallel  or  be  bent,  by  subsequent  movements, 
into  serpentine  folds  or  complicated  convolutions  which  defy 
analysis,  and  resemble  the  damascening  of  old  sword-blades  and 
gun-barrels. 

♦  By  J.  J.  H.  TeaU. 
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Every  type  of  structure  thus  produced  on  the  surface  of  the 
water  can  be  matched  in  the  rocks  of  the  district :  but  it  is  the 
dark  varieties  that  correspond  to  the  white  foam  and  the  lighter 
coloured  varieties  to  the  dark  water.  It  must,  of  course,  be  remem- 
bered that  the  disposition  of  the  foam  represents,  in  two  dimensions 
of  space,  the  results  of  complicated  movements  taking  place  in  the 
mass  of  the  water  in  three  dimensions;  and  so  also  with  the 
appearances  seen  on  any  plane  surface-  of  rock.  If  the  water  were 
heterogeneous  instead  of  homogeneous,  and  if  the  freezing  points 
of  the  different  portions  were  different,  then  progressive  cooling 
would  undoubtedly  result  in  the  fonnation  of  a  solid  mass  having 
the  architectural  features  of  many  portions  of  the  Lewisian  gneiss. 
Similar  features  may  be  observed  in  the  banded  gabbros  of  Skye, 
Rum,  and  elsewhere. 

Some  of  the  principal  types  of  architecture  are  represented  in 
the  photographs  of  rock-surfaces  (Plates  VI.  to  XIV.) ;  but  a  very 
much  larger  number  of  photographs  would  be  required  to  give  an 
adequate  idea  of  the  almost  endless  variety  which  occurs  in  nature. 
In  Plate  VI.  the  Ughter  felspathic  and  the  darker  homblendic 
portions  are  imperfectly  separated  or  imperfectly  mixed,  according 
to  whichever  view  is  taken  as  to  the  origin  of  the  heterogeneous 
mass.  In  Plate  VII.  the  separation  is  more  marked,  and  lumps  of 
basic  hornblende  rock  are  seen  to  be  separated  by  white  quartzo- 
felspathic  material.  Are  the  phenomena  represented  in  these  two 
photographs  to  be  explained  by  differentiation  in  situ,  or  by  the 
intrusion  of  acid  into  basic  material  ?  They  appear  to  favour  the 
former  hypothesis.  The  portion  represented  in  Plate  VIII.  also 
shows  a  fairly  sharp  separation  between  the  felspathic  and  hom- 
blendic portions.  In  this  case,  veins  of  quartzo-felspathic  material 
cut  across  the  foliation  of  basic  homhlende-gneiss,  and  the 
appearances  favour  the  intrusive  as  opposed  to  the  differentiation 
hypothesis.  But  in  truth  the  two  hypotheses  are  not  necessarily 
opposed,  for  if  the  differentiation  were  accompanied  by  the  con- 
centration of  the  first  formed  ferro-magnesian  constituents  round 
local  centres  (Plate  VII.),  and  if  the  basic  portions  were  the  first 
to  solidify,  then  the  still  fluid  mother  liquor  would  be  free  to  act  as 
an  intrusive  magma  in  relation  to  the  first  formed  basic  rock. 

Plate  IX.  introduces  another  set  of  phenomena.  It  illustrates 
the  rapid  but  gradual  passage  from  what  may  be  termed  a  biecciated 
condition,  devoid  of  parallel  structure,  to  a  banded  condition  in 
which  that  structure  is  strongly  marked.  The  left-hand  portion  of 
the  exposed  face  is  very  similar  to  that  seen  in  Plate  VII. ;  the 
right-hand  portion  is  composed  of  the  same  materials  in  the  form 
of  a  banded  hornblende-gneiss. 

In  this  particular  case  the  phenomena  are  complicated  by  the 
occurrence  of  quartzo-felspathic  material  of  two  types,  belonging 
to  two  distinct  periods.  The  lighter  patches  and  streaks, 
intimately  associated  with  the  darker  masses,  are  rich  in  plagioclase, 
and  were  probably  formed  from  the  magma  out  of  which  the 
darker  masses  consolidated ;  but,  on  the  extreme  right,  are  two 
masses  of  foliated  pegmatite  containing  large  lenticular  crystals  of 
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microcline,  one  of  which  is  clearly  recognisable  in  the  photograph. 
Now,  in  other  regions — as,  for  example,  near  Laxford  Bridge — 
the  microcline-pegmatites  are  obviously  associated  with  gneissose 
granites  which  have  been  intruded  into  the  rocks  of  the  Funda- 
mental Complex.  They  belong  to  a  late  phase  in  the  history  of  the 
pre-Torridonian  rocks,  and  are  usually  unfoliated.  The  occurrence 
of  similar  pegmatites  in  the  region  in  which  the  photograph  was 
taken  (Loch  Torridon)  showing  strong  foliation  probably  indicates 
a  deformation  of  a  later  date  than  that  which  converted  the 
brecciated  mass  into  a  banded  hornblende-gneiss. 

Plates  X.  and  XI.  represent  an  extremely  interesting  variety  of 
brecciated  structure  discovered  by  Mr.  Clough.  Fragments  of 
banded  and  contorted  homblende-biotite-gneiss  are  enclosed  in  a 
mass  of  similar  material,  much  poorer  in  ferro-magnesian  con- 
stituents. Flow-structure  round  the  margin  of  one  of  these 
fragments  is  clearly  seen  in  Plate  XI.  The  mass  represented  in 
these  photographs  may  be  regarded  as  the  plutonic  equivalent  of  a 
brecciated  rhyolite,  so  far  as  structure  is  concerned. 

One  general  law  of  considerable  importance  is  brought  out  by  an 
examination  of  these  photographs,  and  becomes  still  more 
prominent  when  the  rocks  are  examined  in  the  field.  Whenever 
evidence  as  to  the  relative  ages  of  the  more  acid  and  the  more 
basic  portions  of  the  Fundamental  Complex  is  foi-thcoming,  the 
latter  are  always  seen  to  be  the  earlier.*  In  the  banded  rocks  it  is 
usually  impossible  to  make  out  any  difference  of  age  between  the 
darker  and  lighter  portions ;  but  occasionally,  as  in  the  part  repre- 
sented in  Plate  XIV.,  this  may  be  done,  and  the  evidence  is  then 
seen  to  be  in  accordance  with  the  general  law.  The  darker  bands 
have  in  places  been  torn  to  shreds,  which  now  lie  in  a  matrix  of 
more  acid  material. 

The  architectural  features  above  described  occur  in  those 
portions  of  the  complex  in  which  the  rocks  have  affinities  with 
igneous  products.  It  becomes  interesting,  therefore,  to  enquire 
whether  normal  plutonic  masses  present  phenomena  in  any  way 
comparable  to  those  above  described. 

Horftblende-biotite-granites  or  quartz-diorites,  such  as  those  of 
Criffel,  usually  contain  basic  inclusions,  and  are  traversed  by  acid 
veins.  The  relative  ages  of  corresponding  ]>etrograpluc  types  are, 
therefoi'e,  the  same  in  the  Lewisian  Gneiss  and  in  those  masses 
of  plutonic  rock  which  most  nearly  resemble  it  in  composition. 
But  the  architectural  features  are  in  many  respects  very  different. 
Under  these  circumstances  it  is  extremely  interesting  to  note  that  on 
the  southern  margin  of  the  Criffel  mass  there  is  a  narrow  zone  in 
which  the  characteristic  featin'es  of  the  Lewisian  gneiss  are 
reproduced.t     Basic  inclusions  are  here  extremely  common,  and 


♦  It  must,  however,  be  remembered  that  the  later  basic  intrusions  which 
clearly  cut  the  gneissose  banding  in  the  central  ai'ea  have  in  some  regions,  as 
for  example,  south  of  Poolewe,  been  so  modified  by  later  movements  that 
they  may  easily  be  mistaken  for  a  part  of  the  fundamental  complex. 

t  See  Explanation  to  Sheet  5,  p.  24. 
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they  have  been  drawn  out  into  lenticles  and  bands  by  differential 
movement  which  has  affected  also  the  later  acid  veins. 

Owing  to  the  extreme  petrographic  diversity  of  the  Lewisian 
Gneiss  it  is  impossible  to  obtain  a  fair  sample  of  the  mass ;  but  if 
this  could  be  done  it  would  probably  be  found  that  the  average 
composition  is  that  of  an  intermediate  rock — not  very  different 
from  the  Criffel  granite. 


CHAFrER  VI. 

A— ROCKS  OF  PRESUMABLY  SEDIMENTARY  ORIGIN  IN 

THE  LEWISIAN  GNEISS. 

MICA-SCHISTS,  GRAPHITIC  SCHISTS,   QUARTZ-SCHISTS,   CALCAREOUS 

ROCKS.* 

The  rocks  of  the  Fundamental  Complex,  above  described,  have 
in  most  oases  marked  affinities  with  igneous  products.  Such  rocks 
make  up  the  greater  portion  of  the  area  mapped  as  Lewisian  Gneiss. 
Nevertheless  we  find  included  within  that  area,  in  certain  districts, 
and  especially  in  the  neighbourhood  of  (iairloch  and  Loch  Maree, 
some  rocks  of  a  very  different  character,  which  have  equally 
decided  affinities  with  sediments.  These  include  mica-schists, 
graphitic  schists,  quartz-schists,  siliceous  granulites,  limestones, 
dolomites,  and  cipoliiis. 

I.  Micorschists. 

Three  distinct  types  of  rock,  as  well  as  certain  varieties  more  or 
less  intermediate  between  these  three  types,  are  included  under  the 
general  term  of  mica-schist.  The  three  types  may  be  defined  as 
follows : — 

(a)  Fine-grained,  dark -brownish,  often  platy  schists. 
(6)   Silvery  mica-schists,  often  containing  large,  idioniorphic  gamete, 
(r)  Fine-grained,    dark-gray    granulitic    biotite-schists,     or     biotite- 
granulites. 

(a)  A  specimen  from  the  road-side,  )^  mile  west  of  Loch  Bad- 
na-Sgalaig,  between  Loch  Maree  and  Loch  Gairloch  (3751),  may 
be  taken  as  an  example  of  the  first  type.  It  is  a  dark  brown, 
fine-grained,  platy  mica-schist.  The  flat  surfaces  of  schistosity 
possess  a  silky  lustre  and  show  a  fine  parallel  striping.  The  rock 
is  essentially  composed  of  brown  mica,  white  mica,  and  quartz,  with 
small  grains  of  zircon,  iron-ore,  and  garnet  as  somewhat  rare 
accessories.  The  micas  occur  in  thin  plates  uniformly  scattered 
through  the  mass  of  the  rock,  not  aggregated  in  planes.  The 
individuals  of  quartz  are  irregular  in  outline  and  variable  in  size, 
the  largest  measuring  about  3  or  "4  mm.  in  diameter.  Although 
often  of  fairly  uniform  dimensions  in  the  difierent  directions,  a 
slight  tendency  to  flattening  in  the  direction  of  schistosity  and 

♦  By  J.  J.  H.  TealL 
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elongation  in  the  direction  of  striping  may  be  observed.     Undulose 
extinction,  due  to  strain,  is  common. 

In  microscopic  structure  there  is  a  marked  contrast  between  the 
section  at  right  angles  to  the  schistosity  and  parallel  to  the 
striping,  and  that  at  right  angles  to  the  schistosity,  and  also  at 
right  angles  to  the  striping.  The  former  shows  a  perfect  parallel 
structure,  due  to  the  arrangement  of  the  mica-flakes ;  the  latter 
shows  the  mica-flakes  lying  at  all  angles,  and  gives  unmistakable 
evidence  of  minute  puckering. 

This  rock  has  been  analysed  by  Mr.  Wilson  with  the  following 
results : — 

SiO,       -        -         -     75-31 

AljOg    -        -        -       8-45 

Fe.Oj    -         -         -       2-84 

FeO        -         -        -      4-68 

MnO       -         -        -  13 

CaO        -         -         -       1.27 

MgO      -         -        -       1-53 

K^O       -        -        -      471 

NajO     -         -         -         -01 

Ignition-         -         -       1'19 

10012 


Sp.  Gr.  -         -         -       2-73 

The  other  rocks  grouped  under  this  head  may  all  be  described  as 
dark  brown  biotite-schists.  They  vary  a  little  in  the  sizes  of  the 
essential  constituents,  in  the  tint  of  thebiotite,  which  is  sometimes 
pale-brown  and  sometimes  deep  reddish-brown,  and  in  the  presence 
of  accessory  constituents.  Felspar  is  often  and  may  be  always 
present.  It  is  usually  untwinned,  water-clear,  and  may  be  easily 
mistaken  for  quartz. 

One  specimen  of  this  type  from  Loch  Maree  (4273)  deserves 
special  mention  as  furnishing  indisputable  evidence  that  the  rocks 
have  been  subjected  to  deformation  since  the  period  of  crystallisation. 
This  rock  shows,  under  the  microscope,  the  structure  of  a  mylonite. 
Lenticles  of  felspar,  and  perhaps  in  some  cases  of  quartz,  lie  in*  a 
matrix  of  mylonised  quartz  and  biotite.  The  lines  of  biotite, 
composed  of  flakes  which  have  been  frayed  and  toni  to  shreds, 
wind  round  the  lenticles  of  felspar,  thus  producing  a  most  perfect 
type  of  fluxion-structure. 

(6)  As  an  illustration  of  the  second  type  of  mica-schist,  a 
specimen  (4322)  from  Meall  Each,  near  Ben  Slioch,  Loch  Maree, 
may  be  selected.  This  is  a  somewhat  platy  schist,  with  bright, 
silvery  lustre  on  the  surfaces  of  schistosity  >vhich  are  roughened 
by  the  projection  of  idiomorphic  ganiets.  On  a  cross-fracture  the 
planes  of  foliation  are  seen  to  be  partly  truncated  by  the  garnets, 
and  partly  to  wind  round  them.  The  matrix  of  the  rock  is 
composed  almost  entirely  of  a  colourless  or  pale-green  mica,  a 
reddish-brown  biotite,  and  epidote.     Quartz  and  iron-ores  are  also 


present.  The  white  mica  occurs  in  thin  plates  often  measuring 
more  than  1  mm.  in  breadth.  The  plates  lie,  as  a  rule,  with 
their  flat  surfaces  in  the  plane  of  schistosity;  but  occasionally 
a  plate  may  be  seen  to  lie  transversely  without  having  sufiered  any 
distortion. 

The  reddish  brown  mica  is  irregular  in  outline  and  does  not 
show  any  very  definite  orientation.  The  epidote  exhibits  a  marked 
tendency  to  assume  a  prismatic  form  with  ragged  terminations. 
The  individuals  often  measure  over  1  mm.  in  length.  The  large 
gametB  lie  as  porphyritic  constituents  in  the  matrix.  They  are 
bounded  by  sharp,  well-defined,  crystalline  faces,  and  often  contain 
iron-ore  as  inclusions. 

A  bulk  analysis  of  this  rock  by  Mr.  J.  Grant  Wilson  gave  : — 


SiO»       - 
Al,6,    -        - 

-     4611 

-     28-25 

Fe  0,    -        - 
FeO       - 

-      478 

-       6-51 

MnO      - 

•53 

CaO        - 

-       347 

MgO      -        - 

-      3-09 

KjO      - 

-       6-01 

NajO     - 

•26 

Ignition  - 

-       M8 

100-19 
Sp.  Gr.  -        -        -      311 

The  other  rocks  referred  to  in  this  group  differ  as  regards  the 
relative  proportions  of  the  different  minerals.  Felspar  is  some- 
times present  in  considerable  quantity,  and  quartz  is  often  more 
abundant  than  in  the  rock  selected  as  a  type. 

(c)  The  thiitl  type  of  mica-schist  is  well  represented  by  a  speci- 
men  from  a  point  about  one  mile  W.N.W.  of  Locban  Fada  Inlet, 
three  miles  noi*th-east  of  Loch  Maree  (4414).  The  greater  portion 
of  this  specimen  shows  the  structure  of  a  granulite  rather  than  that 
of  a  schist.  It  possesses,  however,  schistose  partings  extremely 
rich  in  biotite.  The  principal  constituents  are  a  deeply-coloured 
biotite,  quartz,  alkali-felspar,  and  epidote.  The  biotite  occurs  as 
thick  plates  without  any  very  strongly  marked  idiomorphism  or 
definite  orientation,  the  ({uartz  and  felspar  as  irregular  grains  and 
the  epidote  as  ragged  patches,  the  continuity  of  which  is  much 
interfered  with  by  the  other  constituents.  White  mica  and  sphene 
are  present  as  accessories. 

Another  specimen  from  the  same  locality  (4413)  is  dark -brown 
in  colour  and  fine-grained,  with  scattered  plates  of  white  mica. 
The  constituents  are  granulitic  quartz  and  alkali-felspar  with 
biotite.  The  white  mica  occurs  in  thin  plates  which  often  lie 
across  the  planes  of  schistosity,  and  do  not  show  any  trace  of 
deformation. 
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II.     Qraphitic  Schists, 

The  graphitic  schists  are  characterised  by  the  presence  of  a 
variable  amount  of  black  carbonaceous  matter  which  is  dis- 
seminated through  the  rock,  and  occurs  as  inclusions  in  minerals 
such  as  biotite  and  hornblende.  When  the  powder  of  the  rock  is 
treated  with  hydrochloric  and  hydrofluoric  acids,  the  carbonaceous 
matter  is  obtained  in  a  tolerably  pure  state,  and  is^  then  seen  to 
possess  the  properties  of  black  lead.  The  examination  of  thin 
sections  shows  that  the  substance  occurs  as  minute  particles  which 
may  be  either  arranged  in  lines  or  aggregated  together  in  opaque 
patches.  Definite  crystalline  plates  of  graphite  have  not  been 
observed. 

The  microscopic  examination  of  the  rock  is  attended  with  con- 
siderable difficulty  in  consequence  of  the  opacity  of  the  slides. 
Felspar  is  frequently  recognisable  as  a  constituent  of  a  fine, 
micro-crystalline  mosaic,  and  the  larger  individuals  sometimes  show 
albite-twinning.  It'  is  apparently  andesine  or  some  allied  species. 
The  carbonaceous  matter  is  scattered  through  the  rock  in  such  a 
way  as  to  show  that  the  development  of  the  mosaic  has  had  little 
or  no  influence  on  its  distribution.  Colourless  and  brown  micas 
occur  in  different  specimens.  They  also  contain  inclusions  of 
carbon,  and  the  arrangement  of  these  inclusions  is  similar  to  that 
occurring  in  the  matrix  of  the  rock,  thus  proving  that  the  micas 
must  have  grown  in  situ  after  that  arrangement  had  been  brought 
about. 

A  specimen  from  Allt-na-Leth-Chreige  (1^  mile  east  of 
Letterewe,  Loch  Maree)  (4427),  is  a  black,  platy  schist  with 
radiating  masses  of  actinolite.  A  cross-section  of  this  specimen  is 
seen  to  be  traversed  by  wavy  streaks  of  carbonaceous  material 
separated  by  lighter  streaks  or  folia  of  quartz  and  felspar.  These 
folia  sometimes  wind  round  fragments  which  appear,  under 
ordinary  light,  to  be  similar  to  the  main  mass  of  the  rock,  but 
which,  under  crossed  nicols,  polarise  as  individuals,  and  can 
be  definitely  identified  as  hornblende.  It  is  clear  that  the 
actinolite  was  developed  in  an  impure  carbonaceous  shale,  in  the 
same  way  as  the  tremolite  described  by  Mr.  AUport  in  a  contact- 
rock  from  Botallack,*  and  that,  when  the  deformation  of  the  mass 
took  place,  those  portions  which  were  cemented  by  hornblende- 
substance  offered  greater  resistance  to  the  deforming  sti*esses  than 
those  which  were  not  so  cemented.  This  actinolite-schist 
furnishes,  therefore,  indisputable  evidence  of  the  development  of 
hornblende  in  a  solid  rock,  and  of  the  subsequent  deformation  of 
this  rock  by  mechanical  means. 

A  specimen  from  Allt  Airidh  na  Eilein,  one  mile  north-west  of 
Letterewe,  Loch  Maree  (4793),  deserves  special  mention  in  this 
connection.  It  is  almost  entirely  composed  of  hornblende  and 
carbon.       The   substratum,    so    to   speak,    is     a    coarse-grained 

•  **  Metamorphic  Rocks  surrounding  the  Land's  End  Granite."  Qtiart, 
Jour.  Oeol.  Soc.,  xxxii.,  p.  410. 
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aggregate  of  allotriomorphic  individuals  of  hornblende,  and 
the  black  streaks  pass  through  this  aggregate  without 
any  reference  to  the  optical  orientation  of  the  grains. 
In  this  rock  there  is  no  evidence  of  deformation  since  the 
hornblende  was  developed.  The  composition,  apart  from  the 
carbonaceous  matter,  must  have  agreed  very  closely  with  that  of 
hornblende ;  not  exactly,  however,  for  a  few  scattered  idiomorphic 
garnets,  a  little  quartz  and  felspar,  and  some  biotite  also  occur. 

The  specimens,  regarded  as  a  whole,  vary  in  colour  according  to 
the  amount  of  carbon  present ;  some  are  black,  others  lead  coloured. 
The  majority  show  a  parallel  structure  which  probably  represents 
stratification  more  or  less  modified  by  subsequent  mechanical 
movements. 

Mr.  J.  Hort  Player  kindly  made  partial  analysis  of  a  specimen  from 
Mill  na  Glaise,  one  mile  west  of  Loch  Bad  an  Sgalaig.     (4188). 

Mointure    -----  '8 

Loss  by  ignition  in  reducing  atmosphere  3 '4 

Further  loss,  probably  all  carbon  -        19*6 


23-8 


III.  Qiiartz-Schists. 


Highly  siliceous  rocks,  which  are  usually  granulitic  in  texture, 
and  which  probably  represent  the  more  arenaceous  types  of 
of  sediment,  are  found  in  the  same  areas  as  the  mica-schists  and 
graphitic  schists.  Apart  from  one  or  two  specimens,  which  consist 
almost  entirely  of  quartz  or  of  quartz  and  felspar,  these  rocks  may 
be  grouped  under  two  heads — (a)  quartz-hornblende  rocks  and  (6) 
quartz-magnetite-rocks . 

(a)  The  typical  quartz-hornblende- rocks  consist  of  a  granulitic 
aggregate  of  quartz  with  which  more  or  less  green  actinolitic 
hornblende  is  associated.  They  vary  considerably  as  regards  the 
relative  amounts  of  the  two  cliief  minerals,  some  specimens  con- 
sisting almost  entirely  of  quartz,  others  containing  the  two 
minerals  in  nearly  equal  proportions.  Variations  from  the  type 
depend  on  the  introduction  of  other  minerals,  such  as  chlorite  and 
epidote,  and  on  the  extent  to  which  the  rocks  have  been  modified 
by  dynamic  action.  Some  specimens  are  dark,  others  nearly 
white ;  but  the  dark  varieties  do  not  contain  as  much  hornblende 
as  might  at  first  sight  be  supposed.  The  quartz,  which  is  the 
principal  constituent,  is  perfectly  transparent,  so  that  a  small 
proportion  of  the  dark  hornblende,  scattered  through  the 
colourless  quartz,  affects,  in  a  marked  manner,  the  general 
aspect  of  the  rock.  The  dark  varieties  of  quartz-hornblende  rocks 
always  show  a  peculiar  resinous  lustre  which  distinguishes  them 
from  the  ordinary  hornblende-schists  of  the  district.  As  regards 
the  origin  of  these  peculiar  rocks  it  is,  perhaps,  not  desirable 
to  speak  with  any  great  degree  of  confidence.  It  may,  however, 
be  pointed  out  that  the  association  of  quartz  and  hornblende, 
without  felspar,  is  unknown  in  igneous  products. 

A  compact,  dark,  platy  rock  with  resinous  lustre  (4340)  from  the 
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road  I  of  a  mile  S.S.W.  of  Meall  Aundrary  was  analysed  by  Mr. 
Wilson.  It  is  essentially  composed  of  quartz,  hornblende  and 
epidote.  The  quartz  gives  undulose  extinction,  and  has  been 
partly  mylonised, 

SiO»       -         .         -     71-55 

AI2O3    -         -        .       5-73 

Pe.Oj    -         -         -       7-27 

PeO        -         -         -       3-68 

MnO      -         -         -  19 

CaO        -         -        -       6-36 

MgO      -         -         -       1-88 

K^O       ...         -95 

Na^O     -         -         -         -79 

Ignition  -         -       1*54 


99-94 


Sp.  Gr.  -        -         -         -       2-84 

(b)  The  quartz-magnetite  rocks  are  usually  granulitic  or 
halleflinta-like  in  texture.  A  specimen  from  Torr  an  Fhithich,  near 
Smiorasair,  IJ  mile  from  head  of  Loch  Maree  (4664),  may  be  taken 
as  a  type.  It  is  a  compact,  banded  rock.  The  bands  appear  dark 
and  light  on  a  weathered  surface  owing  to  a  variation  in  the 
amount  of  magnetite  present.  They  vary  in  width,  and,  in  one 
part  of  the  specimen,  have  been  bent  into  S-shaped  folds.  A  cut 
surface  of  the  rock  appears  brown,  owing  to  the  partial  oxidation 
of  the  magnetite.  The  constituents  are  quartz,  magnetite,  ferric 
oxide,  and  a  mineral  which  forms  slender  prisms — probably  silli- 
manite.  The  quartz  breaks  up  under  crossed  nicols  into  an 
aggregate  of  a  peculiar  type.  It  is  not  composed  of  sharply 
defined  grains  which  are  independently  orientated,  as  is  the  case 
with  typical  granulit^s  ;  but  of  somewhat  ill-defined  grains  which 
show  a  tendency  to  uniform  orientation.  As  the  nicols  are  rotated 
through  360°  the  quartz-aggregate  shows  four  positions  of 
maximum  and  four  positions  of  minimum  illumination.  The 
orientation  is  by  no  means  exact ;  nevertheless  it  is  quite  unmis- 
takable, and  differentiates  the  rock  from  a  typical  granulite. 
The  magnetite  forms  compact  streaks  or  lenticles,  and  rarely  occurs 
as  detached  idiomorphic  crystals.  The  compact  masses  occasionally 
show  projecting  portions  boimded  by  crystalline  faces.  The  rock, 
as  a  whole,  exerts  a  marked  influence  on  the  magnetic  needle.  A 
partial  analysis  of  this  rock  yielded  the  following  result : — 

Silica   -  -  -  -  90-3 

Ferric  oxide  and  alumina        -  8*5 

Loss  on  ignition  -  -  '02 


98-82 


No  lime  could  be  found,  and  only  a  trace  of  magnesia.  No 
importance  must  be  attached  to  the  relative  proportions  of  silica 
and  iron.     It  would  be  possible  to  select  for  analysis  specimens  of 
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this  group  of  rocks  which  would  consist  of  almost  pare  quartz  or 
pure  magnetite. 

Other  specimens  differ  somewhat  in  the  character  of  the  quartz 
aggregate.  In  some  (4320)  this  is  typically  granulitic,  in  others 
(3754)  it  contains  large  and  extremely  irregular  individuals 
which  sometimes  abut  against  each  other  along  sutural  junctions, 
but  are  more  frequently  separated  by  a  variable  amount  of  micro- 
crystalline  material.  That  the  rocks  have  been  subjected  to 
dynamic  action  is  proved  not  only  by  the  folding  seen  in  the  type 
specimen,  but  also  by  the  structure  of  many  microscopic  sections. 
Flaser  of  micro-crystalline  quartz  wind  round  phacoids  of  magnetite 
in  the  most  striking  manner,  and  thus  produce  the  structure 
characteristic  of  differential  flow. 

It  is  interesting  to  compare  the  rocks  of  this  and  the  preceding 
group  with  certain  rocks  found  in  the  Penokee  iron-bearing  series 
described  by  Irving  and  Van  Hise.*  The  rocks  of  this  series 
include  (1)  cherty  carbonates ;  (2)  ferruginous  slates  and  cherts ; 
and  (3)  actinolitic  and  magnetitic  slates.  The  quartz-hornblende 
rocks  and  the  quartz-magnetite  rocks  from  the  Loch  Maree  area 
have  decided  affinities  with  the  actinolitic  and  magnetitic  slates  of 
Van  Hise.  Both  groups  of  rocks  contain  the  same  minerals  and 
possess  to  a  certain  extent  the  same  structures. 

IV.  Calcareous  Rocks, 

Calcareous  rocks  are  represented  by  limestones,  dolomites,  and 
cipolins,  that  is,  rocks  mainly  composed  of  carbonates  but  contain 
ing  also  various  silicates.  The  specimens  include  compact  white 
or  cream-coloured  dolomites,  often  veined  with  calcite,  grey 
compact  limestone,  and  white  crystalline  marble.  Under  the 
microscope  the  rocks  are  sometimes  seen  to  consist  of  an  aggre- 
gate of  crystalline  grains  of  approximately  uniform  size ;  more 
frequently,  however,  the  individuals  vary  considerably  in  size,  so 
that  the  rocks  have  a  brecciated  aspect.  There  is  no  doubt  that 
they  have,  in  many  cases,  been  subjected  to  deformation  since  the 
development  of  crystallisation,  and  under  conditions  which 
admitted  of  the  fracture  of  the  individual  crystalline  grains. 

In  addition  to  the  carbonates,  tlie  rocks  of  this  group  often 
contain  one  or  more  of  the  following  minerals : — Quartz,  mica, 
tremolite,  green  hornblende,  ganiet,  felspar,  and  epidote. 

Quartz,  when  present,  is  usually  in  the  form  of  a  very  fine 
micro-  or  crypto-crystalHne  aggregate  which  is  either  intimately 
mixed  with  the  carbonate  or  present  as  thin  folia.  When  grains 
of  considerable  size  are  present  they  are  usually  separated  from 
each  other  by  a  little  micro-ciystalline  material,  due  apparently 
to  the  peripheral  granulation  of  the  larger  individuals.  In  a  few 
rare  cases  very  large  individuals  may  be  seen,  forming  thin  plates 
in  the  plane  of  foliation. 

Mica  is  frequently  present  in  well-developed  plates  which  have 
often  been  puckered  and  distorted  by  interstitial  movement.     It 

*  Monographs  of  U,S,  Oeological  Surmf,  vol.  xix.  (1892). 
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may  be  colourless,  brown,  or  greenish  brown.  The  darker-coloured 
varieties  occur  in  bands.  They  possess  a  very  small  optic  axial 
angle,  whereas  in  the  white  mica  the  axial  angle  is  considerable. 
Both  green  and  colourless  hornblendes  are  found,  the  latter  some- 
times occurring  as  conspicuous  radiating  masses  of  tremolite. 
Felspar  has  been  observed  only  in  one  specimen  (5478).  It  is  a 
basic  oligoclase  or  andesine,  and  occurs  as  irregular,  twinned 
grains  in  association  with  quartz,  a  ferriferous  carbonate,  and 
rutile.  Garnet,  also,  has  been  observed  in  one  specimen  (4795). 
It  is  brown  in  the  hand-specimen,  but  practically  colourless  in 
thin  section,  and  does  not  show  the  anomalous  double  refraction 
so  frequently  seen  in  the  garnets  found  in  limestones. 

The  rocks  vary  considerably  in  colour  and  structure.  They  may 
be  white,  grey,  greenish-grey,  or  cream-coloured;  compact  or 
coarsely  crystalline;  schistose,  banded  or  massive.  The  banding 
in  a  rock  from  Allt  Airidh  a*  Char,  one  mile  N.N.E.  of  Ardlair, 
Loch  Maree  (5480),  is  strongly  suggestive  of  stratification.  It  is 
due  to  the  concentration  of  silicates  along  certain  definite  layers. 

The  calcareous  portion  of  a  banded  specimen  from  Allt  Airidh 
a'  Char  (5480)  was  analysed  by  Mr.  Wilson  : — 


Insol.  - 
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A1,0, . 

•16 

FeaOa 

VU 

FeO    - 
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MnO  - 

•36 
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CO,    . 

40-65 

99-73 

Sp.  Gr.  -  -  2-78 

The  insoluble  portion  consisted  mainly  of  silica,  which  is  recog- 
nisable in  the  microscopic  section  as  microcrystalline  quartz.  The 
original  rock  was  probably  a  cherty  carbonate.  It  efiervesces 
freely  with  cold,  dilute  hydrochloric  acid,  and  the  analysis  shows 
that  it  has  only  been  partially  dolomitised. 

Another  specimen  (5475)  from  a  point  east  of  Allt  Coire  nan 
Dearcag,  one  mile  north  of  Ardlair,  on  the  north  side  of  Loch 
Maree,  gave  the  following  result.  The  rock  is  a  white,  saccharoid 
dolomite  containing  a  few  Rakes  of  a  nearly  colourless  mica : — 
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The  foregoing  descriptions  show  that  the  rocks  of  the  Loch 
Maree  and  (Jairloch  area  differ  markedly  in  composition  and 
structure  from  those  which  form  the  main  mass  of  the  Lewisian 
Gneiss.  This  difference  is  best  explained  by  the  assumption  that 
they  represent  metamorphosed  sediments,  the  mica-schists  corre- 
sponding to  argillaceous,  the  siliceous  granulites  to  arenaceous, 
and  the  marbles  and  cipolins  to  calcai*eous  deposits.  It  must  not, 
however,  be  forgotten  that  some  of  the  siliceous  rocks  may 
represent  cherts. 

In  addition  to  the  rocks  above  described,  we  find  also  chlorite- 
schists,  cyanite-gneiss,  and  a  peculiar  rock  which  may  be  termed 
cummingtonite-garnet  schist ;  but  these  are  present  only  in  small 
quantity.  The  chlorite-schists  possess  no  feature  of  special 
interest,  and,  as  they  are  unimportant  so  far  as  distribution  is 
concerned,  need  not  be  further  referred  to. 

Cyanite-gneisses  occur  near  Carnmore  Old  House,  four  miles 
N.N.E.  of  Letterewe,  Loch  Maree  (5115,  5116,  and  5117).  They 
are  coarse-grained,  quartzose  biotite-gneisses.  The  cyanite  is 
sometimes  very  conspicuous,  forming  crystals  measuring  an  inch 
or  more  in  length.  The  other  constituents  are  quartz,  felspar 
(oligoclase  and  orthoclase)  and  biotite.  Two  of  the  specimens 
above  referred  to  are  almost  entirely  free  from  felspar. 

The  cummingtonite-garnet  schist  is  a  remarkable  rock  occurring 
at  a  point  about  -j^j^ths  of  a  mile  south-west  of  the  outlet  of  Loch 
Bad-na-Sgalaig,  between  Loch  Maree  and  Gairloch  (5125).  The 
cnmmingtonite  was  at  first  mistaken  for  sillimanite,  and  the  rock 
is  refeiTcd  to  in  the  Annual  Report  of  the  Geological  Survey  for 
1895  (p.  18)  as  a  sillimanite-garnet-schist.  It  consists  of  numerous 
brown  garnets  about  the  size  of  small  shot  scattered  through  a 
light  coloured,  silky,  fibrous  matrix.  A  bulk  analysis  partly  made 
in  duplicate  by  Mr.  J.  Grant  Wilson  gave  tlie  following  result,  and 
at  once  disposed  of  the  idea  that  the  silky,  fibrous  mineral  was 
sillimanite : — 
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Under  the  microscope  the  rock  is  seen  to  be  essentially  composed 
of  garnet  and  cummingtonite.  The  garnet  is  pale  reddish  brown, 
and  varies  in  size  from  1  to  3  mm.  The  cummingtonite  forms 
a  fibrous  aggregate  in  which  the  garnet  is  embedded.     The  fibres 
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sometimes  abut  against  the  garnets  and  sometimes  wind  round 
their  edges.  More  rarely  they  occur  as  inclusions  in  the  garnet. 
They  are  colourless,  and  show  cross  jointing.  The  isolated  fibres 
give  extinctions  varying  from  0°  to  20°.  Quartz  and  iron-ores 
occur  as  unimportant  accessories. 

The  two  principal  minerals  were  isolated  by  Dr.  Pollard  and 
analysed  by  Mr.  6rant  Wilson  with  the  following  results  : — 
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Sp.gr.  -  41  3-21 

I. — Spessurtite.  II. — Oummingtonite 

From  a  consideration  of  specific  gravities  Mr.  Wilson  concludes 
that  the  rock,  consists  of  about  one  part  of  garnet  to  four  of 
oummingtonite. 


CHAPTER  VII. 

C— PRE-TORRIDONIAN  INTRUSIVE  ROCKS  ASSOCIATED 

WITH  THE  LEWISIAN  GNEISS.* 

ULTRA-BASIC  DYKES;  BASIC  DYKES  AND  SILI^ ;  MICROCLIXE-MICA 
DYKES;  BIOTITE-DIORITE  DYKES;  GRANITE  AND  GNEISSOSE 
GRANITE  DYKES  AND  SILLS  ;   PEGMATITES. 

Dykes  and  sills  of  later  date  than  the  Fundamental  Complex  are 
extensively  developed  in  certain  regions.  These  belong  to  three 
periods — (1)  pre-Torridonian ;  (2)  post-Torridonian  and  pre- 
Tertiary;  (3)  Tertiary.  The  post-Torridonian  intrusions  are 
insignificant  in  amount.  They  include  porphyrites  and  other 
rocks  of  the  same  age  as  the  post-Cambrian  intrusions  of  the 
Assynt  district,  and  also  Tertiar}^  dolerites.  These  rocks  will  not 
be  described  in  the  present  chapter. 

The  pre-Torridonian  intrusions  include  ultra-basic  rocks  of  the 
picrite  type,  dolerites  (diabases),  granit<es,  pegmatites,  and  various 
schistose  or  massive  rocks  which  have  resulted  from  the  modifica- 
tion of  these  types.     These  rocks  will  now  be  described. 

I.    ULTRA-BASIC   DYKES. 

A  few  dykes  of  ultra-basic  composition  occur  in  the  an»a 
represented  in  Sheets  101  and  107.  The  least-altered  rocks  are 
dark  in  colour,  massive  in  texture,  and  mainly  composed  of  olivine 
and  augite,  together  with  a  certain  amount  of  reddish-brown 
biotite.  magnetite,  and  a  basic  felspar.  A  specimen  from  a  dyke 
occurring  1  mile  N.N.E.  of  Little  Assynt,  near  the  oatlet  of  Loch 
Assynt  (3307,  8123),  maybe  taken  as  a  type.  It  is  remaikable 
for  the  occurrence  of  conspicuous  individuals  kI  a  ^leen  or 
yellowish-green  pyroxene,  often  measuring  ^-iu'J  ai  ross  At 
first  sight  this  mineral  appears  to  form  porpliyritic  crystals  in  a 
dark,  fine-grained  matrix ;  but  on  closer  examination  it  is  seen 
that  it  occurs  in  irregular  patches  rather  than  as  distinct  idio- 
morphic  crystals.     This  augite  contains  chromium. 

Under  the  microscope  the  two  chief  constituents  are  seen  to  be 
olivine  and  augite.  The  olivine  occurs  in  rounded  grains  and 
more  or  less  idiohiorphic  crystals  varying  from  about  '5  to  1  mm. 
in  diameter.  The  actual  olivine-substance  is  colourless  or  nearly 
so;  but  it  frequently  contains  a  large  number  of  very  minute 
inclusions  which  give  a  cloudy  aspect  to  the  mineral  when  viewed 
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under  low  powers.  In  addition  to  these  minute  inclusions,  there 
are  also  the  usual  anastomosing  strings  of  magnetite.  In  the 
type-specimen  there  is  no  trace  of  serpentinisation,  but  wherever 
the  olivine  is  in  contact  with  felspar  there  is  a  narrow  zone,  about 
•02mm.  in  width,  of  a  pale  green  mineral.  The  nature  of  this 
mineral  cannot  be  determined  with  absolute  certainty,  owing  to 
the  narrowness  of  the  zone  and  the  overlapping  of  the  individuals, 
but  from  what  is  known  of  similar  occurrences  there  can  be  little 
doubt  that  it  is  hornblende. 

The  augite  is  nearly  colourless  in  thin  section,  showing  only  a 
faint  greenish  or  browTiish  tint.  When,  as  frequently  happens, 
two  individuals  abut  against  each  other,  the  boundary  line  is 
irregular;  but  when  an  individual  is  in  contact  with  felspar, 
traces  of  idiomorphism  may  sometimes  be  seen.  Twinning  is 
rare.  The  structure  is  micro-poikilitic,  in  consequence  of  the 
presence  of  numerous  inclusions  of  olivine. 

The  felspar  is  labradorite  or  bytownite,  and  frequently  shows 
twinning  on  the  albite  and  pericline  plans.  It  is  allotriomorphic 
with  respect  to  olivine  and  augite,  and  therefore  acts  as  interstitial 
matter  with  reference  to  the  other  constituents. 

Biotite  is  present  only  as  an  accessory.  It  occurs  as  irregular 
plates  which  are  frequently  crowded  with  opaque  inclusions.  The 
colour,  in  the  position  of  maximum  absorption,  is  a  deep  reddish- 
brown.  Magnetite  is  almost  entirely  confined  to  the  olivine  ;  but 
it  occurs  occasionally  as  independent  idiomorphic  crystals. 

This  rock  evidently  occupies  a  position  intermediate  between 
olivine-gabbro  and  peridotite.  It  contains  more  felspar  than  a 
typical  picrite,  but  this  difierence  seems  scarcely  sufiicient  to 
justify  the  introduction  of  a  new  term.  The  large  amount  of 
olivine  sharply  differentiates  this  rock  from  the  non-olivine-bearing 
dolerites  or  diabases,  of  which  the  basic  dykes  are  so  largely 
composed.  The  following  analysis  was  made  by  Mr.  Grant 
Wilson.  It  agrees  with  those  of  typical  picrit^s  so  far  as  magnesia 
is  concerned,  but  contains  larger  amounts  of  silica  and  alumina : — 
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Another  specimen  gave  sp.  gr.  3-13.  Chromium  was  found  to  be 
present  in  the  pyroxene,  but  only  in  small  quantity.  It  was  not 
estimated  in  the  bulk-analysis. 
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Picrite  dykes  of  the  above  type  occur  on  the  south  side  of  Loch 
Assynt  and  near  Brackloch,  about  two  miles  on  the  road  from  Loch 
Inver  to  Inchnadamff.  But  the  dyke  at  Brackloch  (3310)  is 
more  altered.  It  differs  principally  in  the  fact  that  the  place  of 
the  felspar  is  almost  entirely  taken  by  fibrous  aggregates  of  a 
colourless  or  pale  green  fibrous  hornblende.  A  distinct  zonal 
arrangement  of  this  hornblende  with  reference  to  the  still  com- 
paratively fresh  olivine  may  be  seen,  the  axes  of  the  fibres  being 
arranged  more  or  less  at  right  angles  to  the  surfaces  of  the 
adjacent  olivines.  Owing  to  this  arrangement  the  intervening 
spaces,  originally  occupied  by  felspar,  break  up  into  fields  bounded 
by  lines  due  to  the  interference  of  fibres  which  have  grown 
outwards  from  the  neighbouring  olivines.  The  narrow  zones 
which  surround  the  olivines,  in  the  least-altered  rocks,  are  still 
recognisable;  a  fact  which  proves  that  they  correspond  to  an 
original  zoning  and  do  not  simply  represent  the  initial  stages  of 
the  process  by  which  the  felspar  substance  has  been  replaced  by 
secondary  minerals.  The  olivine  in  this  specimen  shows  the 
commencement  of  serpentinisation. 

Another  specimen  (4466),  also  from  Brackloch,  shows  a  further 
increase  in  the  amount  of  alteration,  accompanied  by  the  develop- 
ment of  carbonates ;  while  a  third  (2937)  is  composed  entirely  of 
secondary  minerals,  with  the  possible  exception  of  some  magnetite. 
This  rock  deserves  a  more  detailed  description.  It  is  medium- 
grained,  greenish-grey,  and  massive.  The  most  conspicuous 
mineral,  under  the  microscope,  is  a  colourless  hornblende,  more  or 
less  idiomorphic  in  the  prismatic  zone,  but  always  having  ragged 
terminations.  It  is  irregularly  distributed  in  an  aggregate  of 
pilitic  hornblende  and  chlorite.  Here  there  is  evidence  of  the 
conversion  of  a  rock,  originally  composed  of  olivine,  augite,  felspar, 
and  magnetite,  into  an  aggregate  of  hornblende,  chlorite,  and 
magnetite.  The  original  structure  is  not  entirely  lost  in  the 
process,  for  the  forms  of  the  olivines  may  occasion.il ly  be  recog- 
nised in  pseudomorphs  of  pilitic  hornblende  and  chlorite.  The 
fact  that  olivine  has  been  replaced  by  pilitic  hornblende  and 
chlorite  is  probably  due  to  interchange  of  material  between  that 
mineral  and  felspar. 

A  specimen  from  one  of  the  dykes  on  the  south  side  of  Loch 
Assynt  (3048)  shows  the  more  common  type  of  alteration  into 
serpentine,  and  it  is  worthy  of  note  that  in  this  case  no  felspar  is 
recognisable.  A  somewhat  similar  rock  (3947)  in  which  the 
serpentinising  process  has  been  carried  still  fui-ther  occurs  as  a 
dyke  in  the  thrust  gneiss  on  the  south  side  of  Sgonnan  Mhor, 
ii\  miles  south-east  of  Inchnadamflf,  Assynt  (1-inch  Sheet  102). 

The  comparatively  unaltered  rocks  belong,  with  one  or  two  doubt- 
ful exceptions,  to  the  picrite  group ;  but  the  altered  rocks  are  often 
so  completely  changed,  both  in  structure  and  composition,  that  it  is 
impossible  to  speak  confidently  as  to  their  original  character.  A 
specimen  from  a  dyke  at  Loch-nan -Eun,  one  mile  north-east  of 
the  bridge  at  Loch  Inver  (3960),  is  composed  of  grains  of  olivine 
in  a  matrix  of  chlorite  and  hornblende,  with   magnetite  as  an 
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accessory.  The  chlorite  is  nearly  colourless  and  shows  only  the 
faintest  traces  of  pleochroism  in  greenish  and  brownish  tints. 
Under  crossed  nicols  it  polarises  very  much  as  felspar,  and  its 
resemblance  to  that  mineral  is  still  further  increased  by  the 
presence  of  lamellar  twinning.  A  similar  chlorite  has  been 
described  by  Patton*  in  a  bronzite-tremolite-chlorite  rock,  asso- 
ciated with  serpentine,  near  Marienbad  in  Bohemia. 

The  rocks  above  referred  to  are  all  massive,  but  the  dykes  to 
which  they  belong  furnish  examples  of  every  gradation  from 
massive  rocks  to  the  most  perfect  schists.  A  series  taken  from  a 
dyke  occurring  on  the  sea-shore  south  ot  Loch-na-h-Irinne, 
about  3^  miles  north-west  of  Loch  Inver  (2938-2943),  illustrates 
this  passage.  The  northern  edge  of  the  dyke  is  little,  if  at  all, 
foliated  ;  but  from  about  the  centre  to  the  extreme  southern  edge 
the  alteration  increases  progressively. 

The  rocks  are  dark  greenish-grey  in  colour.  The  massive 
variety  (2938)  is  composed  of  hornblende,  biotite  (pale  brown), 
chlorite,  carbonates  (which  do  not  effervesce  with  dilute  acid),  and 
iron-ores.  The  hornblende  occurs  in  fibrous  aggregates,  or  as 
small  prisms  with  ragged  terminations,  forming,  with  the  other 
constituents,  a  confused  crystalline  aggregate  in  which  only  faint 
traces  of  the  original  igneous  structure  are  preserved.  The  most 
perfect  schist  (2942)  is  composed  of  the  same  minerals,  with  the 
possible  addition  of  talc.  Under  the  microscope  slight  signs  of 
puckering  may  be  observed.  Microscopically  the  rock  is  a  fine- 
grained chlorite-schist.  The  other  specimens  belonging  to  the 
series  show  different  stages  in  the  development  of  schistosity 
which  appear  to  have  taken  place  after  the  alteration  of  the 
original  rock. 

A  remarkable  example  of  a  schist  formed  from  one  of  the  ulti'a- 
basic  dykes  occurs  in  the  Tombstone  quarry,  by  the  roadside  near 
Clach-toll,  about  4^  miles  north-west  of  Loch  Inver.  It  is  a 
greenish,  silvery  schist  containing  numerous  uniformly  distributed 
knots  of  siderite.  These  knots  measure  over  ^-in.  in  diameter,  and 
behave,  in  relation  to  the  main-mass  of  the  rock,  exactly  in  the 
same  way  as  the  lenticles  of  felspar  in  au^en-gneiss,  or  as  the 
garnets  in  many  mica-schists.  They  consist  of  single  crj^stalline 
individuals,  notwithstanding  their  lenticular  form.  The  interior 
portions  are  seen  to  be  perfectly  colourless  in  thin  sections,  but 
the  margins  are  often  stained  brown,  and  the  staining  sometimes 
extends  along  cracks  into  the  interior. 

The  main  mass  of  the  schist  is  composed  of  chlorite,  talc  (?), 
carbonate,  a  colourless,  rhombic  honiblende  (anthophyllite  or 
gedrite),  and  magnetite.  The  rhombic  hornblende  occurs  in  long, 
slender  prisms  which  lie  at  different  angles  in  the  plane  of 
schistosity  and  invariably  give  straight  extinction. 

The  silvery  lustre  on  the  planes  of  schistosity  suggests  the 
presence  of  talc,  and  the  microscopic  section  indicates  the  presence 
of  a  scaly  mineral  with  high  double-refraction.     The  hydrochloric 
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acid  solution  contains  a  largo  amount  of  iron  and  a  considerable 
amount  of  magnesia,  but  only  traces  of  lime.  The  carbonates 
present  must,  therefore,  be  carbonates  of  iron  and  magnesia,  which 
are  those  one  would  natually  expect  to  find  ih  an  altered  ultra- 
basic  rock. 

II.    BASIC  DYKES  AND  SILLS. 

Between  Loch  Laxford  on  the  north  and  Enard  Bay  on  the 
south  the  Lewisian  gfneiss  is  traversed  by  an  extraordinary  number 
of  basic  dykes  which  follow  a  general  north-west  and  south-east 
direction.  In  many  places  the  true  dyke-like  character  of  the 
intrusions  is  perfectly  obvious.  More  or  less  vertical  walls  of  black 
basic  rock  clearly  cut  across  the  gneissose  banding  (Plate  XX.). 
But  in  other  places,  owing  to  movements  after  or  during  the  in- 
jection of  the  dykes,  the  dyke-like  character  is  lost,  and  the  rock 
of  the  dykes  becomes  more  or  less  incorporated  with  the  earlier 
complex. 

In  the  southern  area  between  Loch  Maree  and  the  islands  of 
Bona  and  Raasay,  the  basic  bands  rarely,  if  ever,  show  the  normal 
dyke-like  character,  although  evidences  of  intrusion  may  not 
unfrequently  be  found  if  carefully  looked  for.  It  is  not  improbable 
that  some  of  these  masses  were  intruded  as  sills,  especially  those 
which  are  associated  with  the  supposed  sedimentary  rocks.  The 
rocks  of  which  the  dykes  are  composed  vary  considerably  in 
mineralogical  composition  and  structure,  but  would  doubtless 
exhibit,  if  analysed,  much  greater  uniformity  in  chemical  composi- 
tion. Three  marked  types,  easily  recognisable  in  the  field,  occur 
to  which  the  general  terms  dolerite  (diabase),  epidiorite  (amphibo- 
lite),  and  hornblende-schist  have  been  applied.  The  recks  of  the 
first  group  are  essentially  composed  of  labradorite,  pyroxene,  and 
magnetite  with  normal  igneous  structure ;  the  epidiorites  are 
plagioclase-homblende  rocks,  with  or  without  a  mineral  of  the 
epidote  group,  and  often  without  normal  igneous  structure ;  the 
hornblende-schists  may  be  briefly  described  as  foliated  epidiorites. 
All  three  types  shade  into  each  other  and  may  be  found  in  one  and 
the  same  dyke.  Transitions  from  massive  epidiorite  to  foliated 
hornblende-schist  may  take  place  within  the  limits  of  a  hand 
specimen  or  even  a  microscopic  section. 

The  rocks  to  which  the  general  term  dolerite  has  been  applied 
are  found  on  microscopic  examination  to  be  more  variable  in 
composition  than  was  at  first  sight  supposed.  They  are  dark, 
medium  to  moderately  coarse-grained  holocrystalline  rocks 
belonging  to  the  diabase  and  gabbro  families  of  Rosenbusch.  The 
Survey  collection  includes  rocks  to  which  the  terms  diabase, 
enstatite-diabase,  hornblende-diabase,  gabbro,  hyperite  and  norite 
would  be  applied  by  that  author. 

The  minerals  entering  into  the  composition  of  these  rocks  are 
olivine,  enstatite,  augite  (including  diallage),  hornblende,  biotite, 
labradorite,  and  iron-ores.  Olivine  is  usually  absent,  but  occurs  in 
a  few  specimens.     When  present  it  possesses  the  same  characters 
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as  those  described  in  connection  with  the  last  group  of  rocks.  It 
contains  the  same  minute  inclusions  and  the  same  anastomosing 
veins  of  magnetite. 

Enstatite  is  more  common,  but  is  by  no  means  invariably 
present.  It  usually  shows  a  marked  tendency  to  idiomorphism, 
occurring  in  prismatic  ciystals  similar  in  form  to  those  found  in 
the  enstotite-andesites.  Gross-sections  are  eight-sided,  and  the 
four  prismatic  faces  are  less  developed  than  the  pinacoids.  Longi- 
tudinal sections  are  often  terminated  by  two  faces  meeting  at  an 
obtuse  angle.  The  sections  are  often  colourless,  but  pleochroism 
of  the  common  type  may  sometimes  be  observed.  The  above 
characters  are  best  seen  in  the  rock  from  a  dyke  on  the  north  side 
of  Loch  A^ssynt,  about  4  miles  west  of  Inchnadamff  (2319). 

The  monoclinic  augite  is  often  nearly  colourless  in  thin  sections, 
like  the  enstatite;  but  it  occasionally  shows  brown  tints,  especially 
at  the  margins  of  the  grains.  Idiomorphism  is  much  less  promi- 
nent than  is  the  case  with  the  enstatite,  and  although  the  typical 
ophitic  structure,  so  characteristic  of  the  Tertiary  dolerites,  has 
never  been  observed,  lath-shaped  sections  of  labradorite  do  occa- 
sionally penetrate  individuals  of  augite,  thus  giving  rise  to  what 
may  be  termed  a  sub-ophitic  structure.  In  the  majority  of  cases 
the  augite  is  free  from  inclusions ;  but  it  occasionally  contains 
minute  dots  and  rods  like  those  occurring  in  the  other  minerals, 
and  more  rarely  brown  plates,  like  those  of  the  well  known 
hypersthene  of  St.  Paul.  The  distinction  between  augite  and 
diallage  is  valueless  for  classificatory  purposes,  so  far  as  these  dykes 
are  concerned. 

Green  compact  hornblende  is  found  not  only  in  the  epidiorites 
but  also  in  the  rocks  with  true  igneous  structure.  It  usually 
occurs  on  the  margins  of  the  augite,  and  may  be  either  idiomorphic 
or  allotriomorphic  with  respect  to  labradorite. 

Biotite  is  usually  present,  but  never  in  any  quantity.  It  occurs 
as  reddish-brown  scales,  often  in  association  with  iron-ores. 

The  plagioclase-felspar  may  occur  as  broad  laths,  as  irregular 
grains,  or  as  large  individuals  which  behave  as  a  matrix  in  which 
the  other  constituents  are  embedded.  Interstitial  labradorite  is 
especially  characteristic  of  the  rocks  rich  in  enstatite,  and  lath- 
shaped  labradorite  of  those  which  contain  only  monoclinic  pyroxene. 

When  the  powder  of  a  rock  is  placed  in  a  diffusion  column 
the  felspar  concentmtes  at  a  level  corresponding  to  sp.  gr. 
2.69.  This  observation  was  made  on  two  specimens,  in  one  of 
which  the  mineral  was  allotriomorphic,  and  in  the  other  idio- 
morphic with  respect  to  the  pyroxenes.  It  agrees  with  the 
optical  determinations,  and  proves  that  the  dominant  felspar  is 
labradorite ;  but,  as  zonal  structure  may  occasionally  be  observed, 
there  are  doubtless  slight  deviations  from  the  type.  In  some  of 
the  specimens  the  felspar  appears  cloudy  under  low  powers  in 
consequence  of  the  presence  of  extremely  minute  dots  and  rods 
similar  to  those  seen  in  the  other  minerals  (Plate  XLVII.,  Fig.  2). 
The  presence  of  these  inclusions  in  olivine,  augite,  and  labradorite, 
but  not  in  all  three  minerals  in  one  and  the  same  rock,  points  to 
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the  conclusion  that  they  are  original  products  of  the  magma.  But 
if  so,  they  most  haire  existed  only  at  special  stages  in  the  consolida- 
tion, and  must  have  been  liable  to  resorption  during  the  later 
sti^s  when  they  occur  only  in  the  earlier-formed  minerals. 

Two  or  three  varieties  of  rock  will  now  be  briefly  described. 
The  most  common  type  is  represented  by  a  specimen  (8627)  from 
the  hill-slope  above  the  lowest  Clialda  Loch,  about  li  mile  north- 
east of  Inchnadamlf.  It  is  a  medium-grained,  black,  massive 
rock  composed  of  more  or  less  lath-shaped  labradorite,  nearly 
colourless  angite,  and  a  very  small  amount  of  magnetite  or 
ilmenite.  Compact  green  hornblende  and  biotite  also  occur,  but 
only  as  accessories.  Some  of  the  pyroxene  grains  and  the 
marginal  portions  of  others  show  a  kind  of  micrographic  structure 
under  crossed  nicols,  as  if  they  were  forme<l  of  an  intergi-owth  of 
two  minerals — possibly  augite  and  enstatite.  This  rock  is  a 
dolerite  or  diabase.  The  structure  is  represented  in  Plate  XL VII., 
Fig.  1.  Closely  allied  rocks  occur  |-mile  S.S.E.  of  Ben  Dreavie,  a 
hill  1^  mile  S.S.W.  of  Ben  Stack,  east  of  Ruadh  na  Moine,  on  the 
south  shore  of  Loch  Asaynt,  one  mile  noi*th-west  of  Inchnadamff 
(3103),  north  of  Creag-a-Mhhail,  one  mile  north-west  of  Scourie,and 
doubtless  at  many  other  localities  in  the  central  area.  This  type 
frequently  passes  over  into  epidiorite  and  hornblende-schist.  In 
some  of  the  rocks  above-mentioned  the  lath-shaped  form  of  the 
felspar  is  less  marked  than  in  the  rock  selected  as  a  type, 
and  the  augite  takes  on  the  characters  of  diallage.  Such  rocks 
may  be  called  gabbros.  They  appear  to  be  especially  chamcteristic 
of  the  central  portions  of  the  broader  dykes  (2044). 

Another  type  of  reck  is  characterised  by  the  presence  of 
enstatite.  A  good  example  of  this  type  occui's  near  Tomore 
Ijodge  on  the  north  shore  of  Loch  Assynt  (:{042,  'S043,  3014). 
The  rock  from  the  centre  of  the  dyke  shows  Instre-mottlin;^ 
(macro-iX)ikilitic  stnicture)  due  to  irregular  individuals  of 
labradorite  measuring  half-an-inch  or  more  across.  Both  enstatite 
and  augite  are  colourless,  except  at  the  edges,  where  they  are 
sometimes  brown  and  pleochroic.  The  former  is  more  abundant 
than  the  latter  and  markedly  idiomorj)hic.  In  this  specimen 
there  is  an  entire  absence  of  diabasic  stnicture  ;  but  in  another 
from  the  same  dyke  (3044),  taken  betv.-een  the  centre  and  the 
edge,  the  labradorite  shows  a  distinct  t^^nrlency  to  take  on  the 
lath-shaped  form.  The  interstitial  character  of  the  labradorite  in 
the  rock  from  the  centre  of  the  dyke,  coupled  with  the  idiomor- 
phism  of  the  enstatite,  differentiates  this  rock  from  the  norites  and 
hyperites,  but  the  differences  are  scarcely  sufhcient  to  justify  the 
introduction  of  a  new  term.  Jt  is  therefore  a  basic  hyperite ; 
while  the  rock  \\\\\\  lath-shaped  labradorite  may  be  termed 
enstatite-diabase.  Both  rocks  contain  iron-ores  and  a  very  small 
amount  of  green  hornblende  and  biotite.  This  dyke  shows  a 
passage  into  epidiorite  (3040). 

Examples  of  hyperite  or  enstatite-diabase  occur  also  on  the 
west  side  of  Loch-an-Ruighein  (2i318),  about  one  mile  north  of 
Little  Assynt. 
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The  rocks  above  referred  to  are  either  free  from  olivine  or 
contain  only  an  occasional  grain ;  but  a  specimen  from  the  dyke 
already  cited  from  the  north  side  of  Loch  Assynt,  about  4  miles 
west  of  Inchnadamff,  contains  this  mineral  in  abundance  (2319). 
It  is  essentially  composed  of  olivine,  enstatite,  and  interstitial 
labradorite.  The  olivine  is  precisely  similar  to  that  of  the  picrites, 
and  contains  the  whole  of  the  magnetite  present  in  the  rock. 
The  enstatite  is  colourless  and  idiomorphic  (Plate  XL VIII.,  Fig.  1). 
The  rock  may  be  termed  olivine-norite,  but  the  structure  is  not 
that  of  a  typical  norite,  owing  to  the  interstitial  character  of  the 
felspar.  Its  specific  gravity  is  3*  16.  The  abundance  of  olivine 
links  this  rock  with  the  picrites. 

The  rocks  which  remain  to  be  described  under  this  head  all 
contain  green  hornblende.  At  the  one  end  we  meet  with  true 
igneous  structure  in  which  the  hornblende  appears  to  be  original 
(hornblende-diabase  and  homblende-gabbro) ;  at  the  other  end  the 
rocks  show  no  igneous  structui-e  and  pyroxenes  are  entirely  absent 
(epidiorites  or  amphibolites). 

A  dyke  from  Loch  a'  Chroisg,  4^  miles  S.S.W.  of  Inchnadamff, 
Assynt,  which  will  be  subsequently  referred  to  as  illustrating 
passage-forms  between  diabase  and  epidiorite,  furnishes  a  good 
example  of  hornblende-diabase  (2745  and  Plate  XL VII.,  Fig.  2). 
This  specimen  is  composed  of  lath-shaped  plagioclase,  augite, 
enstatite,  ophitic  green  hornblende,  and  iron-ores.  The  hornblende 
is  compact,  and  does  not  appear  to  have  originated  from  the 
pyroxene.  The  labradorite  is  quite  fresh,  but  the  central  portions 
of  the  individuals  appear  turbid  in  consequence  of  the  presence 
of  minute  inclusions.  A  similar  rock  occurs  at  Con  a'  Chreag, 
Loch  Glen  Coul,  1|  miles  south-east  of  Kylesku  (2759). 

The  epidiorites  are  essentially  plagioclase-homblende-rocks,  but 
sometimes  contain  also  a  mineral  of  the  epidote  group,  together  with 
quartz,  iron-ores,  and  granular  sphene  often  zoning  the  iron-ore. 

They  may  be  roughly  separated  into  two  groups  according  to 
the  presence  or  absence  of  the  structure  characteristic  of  the 
gabbros,  diabases,  and  hyperites.  In  those  of  the  first  group  (a) 
the  lath-shaped  or  interstitial  character  of  the  felspar-sections  is  in 
most  cases  well  marked,  and  the  characteristic  inclusions  so 
common  in  the  felspars  of  the  diabases  arc  often  present.  The 
hornblende  is  of  two  types.  There  is  the  compact  green  hornblende, 
similar  to  that  of  the  hornblende-diabases,  and  also  the  fine- 
grained and  sometimes  fibrous  aggregates  which  appear  to  eat  into 
and  finally  destroy  the  original  augite.  Cores  of  augite  may  fre- 
quently be  detected  in  the  centres  of  these  hornblende-aggregates. 
A  little  interstitial  quartz  is  often  present. 

Examples  of  this  type  occur  on  the  noi-tli  side  of  Scourie  Bay 
(2371),  at  Con  a  Chreag,  Loch  Glen  Coul  (2760),  about  half-way 
do>\Ti  the  north  side  of  Loch  Assynt  (2935),  and  half  a  mile  north- 
west of  the  Falls  of  Kirkaig,  Assynt  (3907);  doubtless,  also,  in 
many  other  localities. 

The  typical  rocks  of  the  second  group  {b)  of  epidiorites  are  devoid 
of  Igneous  structure.     They  are  essentially  composed  of  plagioclase 
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and  hcmblende,  with  which  some  quartz  and  a  mineral  of  the 
epidote  group  are  often  associated.  The  felspar  occurs  as  irregular 
grains  or  in  large  ophitic  patches ;  sometimes  as  granulitic  aggre- 
gates. It  is  in  general  more  allied  to  albite  than  the  felspar  of  the 
pyroxenic  rocks.  Not  uiifrequently  it  is  crowded  with  minute 
prisms  and  grains  of  epidote,  thus  forming  the  typical  saussurite 
of  Cathrein.  Under  these  circumstances  it  is  either  albite  (2933) 
or  some  closely  allied  felspar.  The  hornblende  may  be  either  pale 
or  dark  green.  It  occurs  as  spongy  aggregates  enclosing  rounded 
grains  of  quartz,  as  compact  iri-egular  individuals,  and  as  aggre- 
gates with  ragged  outlines  from  which  prisms  often  jut  out  into 
the  surrounding  felspar.  Detached  grains  and  prisms  often 
occur  as  inclusions  in  the  felspar. 

Biotite  and  iron-ores  zoned  with  colourless  granular  sphene  are 
frequently  present  (Plate  XL VIII. ,  Fig.  2). 

Epidiorites  of  this  type  are  extremely  common  in  the  central 
area,  and  may  be  obtained  from  almost  any  of  the  basic  dykes. 
The  collection  of  the  Geological  Survey  contains  good  examples 
from  the  roadside  at  Loch  na  Bruthaich,  Strath  Croy,  2^  miles 
north-east  of  the  village  of  Stoer  (3948,  3949) ;  from  Eas  Dubh  on 
the  Ullapool  River,  1§  miles  north-east  of  Ullapool  (3067,  3068); 
and  from  the  north  side  of  Loch  Assynt,  5^  miles  north-west  of 
Inchnadamff  Church  (3041,  3040). 

The  massive  epidiorites  frequently  pass  into  foliated  rocks. 
These  may  be  either  typical  hornblende-schists  or  rocks  inter- 
mediate between  epidiorites  and  hornblende-schists,  which  may  be 
termed  foliated  epidiorites.  Hornblende  and  felspar  are  the 
principal  constituents.  Iron-ores  and  granular  sphene  are  usually 
present ;  epidote  and  quartz  are  occasionally  found. 

The  powder  of  one  of  the  typical  hornblende-schists  from  the 
broad  dyke  crossing  Ben  Stack,  north  of  Achfarry  (2727),  was 
placed  in  a  diffusion  column.  The  hornblende  concentrated  at  a 
level  corresponding  to  a  specific  gravity  of  3*19 — 3  2  ;  the  felspar 
at  a  level  corresponding  to  2*69 — 2*7.  The  felspar  of  this  rock,  like 
that  of  the  dolerites,  is,  therefore,  labradorite ;  but  its  mode  of 
occurrence  is  entirely  different.  It  is  present  in  the  form  of 
untwinned,  often  water-dear  grains  resembling  quartz.  In  those 
rocks  which  contain  epidote  the  felspar  is  albite  or  some  closely 
allied  variety. 

Amongst  the  accessory  constituents  of  the  foliated  rocks  iron- 
ores  and  sphene  deserve  special  mention.  Where  both  are  present 
the  sphene  takes  the  form  of  colourless  granular  aggregates  in  the 
centres  of  which  one  or  more  grains  of  iron-ore  may  be  observed. 
Sometimes  the  iron-ore  predominates,  and  the  sphene  merely 
forms  a  narrow  zone ;  at  other  times  the  sphene  predominates, 
and  only  one  or  two  specks  of  iron-ore  can  be  recognised.  The 
deforming  stresses  by  which  the  foliation  has  been  produced  have 
exercised  considerable  influence  on  the  aggregates  of  sphene  and 
iron-ore.  They  are  sometimes  in  the  form  of  thick  lenticles ;  at 
other  times  they  have  been  so  dragged  out  as  to  be  represented 
only  by  trains  of  small  granules. 
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The  distribution  of  hornblende  and  felspar  in  the  rocks  is  worthy 
of  special  note.  In  many  cases  the  minerals  are  not  uniformly 
scattered  through  the  rocks.  Lenticular  aggregates  of  granulitic 
felspar,  or  of  felspar  and  epidote,  alternate  with  others  of 
hornblende.  This  is  no  doubt  due  to  the  coarse-grained  character 
of  the  original  rock.  Aggregates  have  taken  the  place  of  large 
individuals;  but  the  grains,  formed  at  the  expense  of  a  large 
individual,  have  held  together,  so  that  the  structure  of  the  original 
rock  has  affected  that  of  the  schist,  although  the  outlines  of  the 
folia  are  quite  distinct  from  those  of  the  original  minerals.  This 
peculiarity  in  the  distribution  of  the  two  principal  constituents  is 
especially  marked  in  those  rocks  which  occupy  an  intermediate 
position  between  the  massive  epidiorites  and  the  typical 
homblende^schists.     In  the  latter  rocks  it  is  not  recognisable. 

A  specimen  from  the  Ben  Stack  dyke,  already  referred  to,  may 
be  selected  as  a  type  of  the  more  perfect  schists.  It  is  a  dark, 
medium-grained  rock  bounded  by  two  more  or  less  flat  surfaces 
which  correspond  to  the  principal  planes  of  schistosity.  It  shows 
a  marked  linear  foliation.  Three  sections  have  been  prepared  from 
this  specimen ;  one  parallel  to  the  principal  planes  of  schistosity, 
another  at  right  angles  to  these  planes  and  parallel  to  the  direction 
of  stretching,  and  a  third  at  right  angles  to  this  direction.  A 
comparison  of  these  sections  shows  that  although  the  hornblende 
rarely  exhibits  traces  of  idiomorphism  the  individuals  are  moi*e  or 
less  elongated  in  the  direction  of  their  vertical  axes,  and  roughly 
ari'anged  with  their  longest  diameters  parallel  to  the  direction  of 
stretching.  The  preparation  at  right  angles  to  the  direction 
of  stretching  abounds  in  sections  which  show  the  characteristic 
cleavages  meeting  at  angles  of  124°,  whereas  such  sections  are 
rare  in  the  other  two  preparations.  The  colour  scheme  for  the 
hornblende  is  X  greenish  yellow,  Y  green,  Z  green  with  a  tinge  of 
blue. 

The  felspar  (labradorite)  in  this  rock  occurs  in  the  form  of 
untwinned  grains,  usually  of  equal  dimensions  in  the  different 
directions,  it  is  partly  water-clear  and  partly  turbid  in  con- 
sequence of  the  development  of  minute  overlapping  scales  of  a 
micaceous  mineral.     Iron-ores  and  sphene  occur  as  accessories. 

A  specimen  from  the  dyke  ^  mile  north-west  of  Loch  a'  Chroisg, 
4|  miles  S.S.W.  of  Inchnadamff,  Assynt  (2747,  Plate  XLVIIL, 
Fig.  2),  may  be  taken  as  a  type  of  one  of  the  less  perfect  schists 
(schistose  epidiorit^  or  amphibolite).  It  is  a  medium-grained  rock, 
with  a  trace  of  linear  foliation,  composed  of  granulitic  felspar,  a 
mineral  of  the  epidot^-zoisite  group,  pale-green  hornblende  and 
granular  sphene.  The  figure  is  taken  from  a  section  at  right 
angles  to  the  direction  of  linear  foliation,  so  that  the  parallel 
structure  is  not  strongly  marked. 

The  principal  types  of  rock  occurring  in  the  basic  dykes  have 
now  been  described  at  sufficient  length,  and  it  remains  only  to 
give  some  account  of  the  mode  of  association  of  the  different  types. 
The  transition  from  dolerite  (diabase)  to  epidiorite  and  hornblende- 
schist  was  first  observed  in  the  case  of  the  dykes  occurring  on  the 
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north  side  of  Scourie  Bay  and  running  south-eastwards  to  Loch  a' 
Bhaid  Daraich.*  They  may  be  picked  up  again  on  the  south  side 
of  the  loch  and  followed  for  a  considerable  distance  towards  the 
south-east. 

The  least -altered  rock  is  a  typical  diabase  with  sub-ophitic 
structure  composed  of  labradorite,  augite,  titaniferuus  magnetic 
iron-ore,  apatite,  and  some  secondary  products  including  horn- 
blende (scarce),  chloritic  minerals,  and  quartz.  At  the  other 
extreme  is  a  typical  hornblende-schist  essentially  composed  of 
hornblende,  felspar,  iron-ore,  spliene,  and  apatite.  The  two  most 
extreme  types  were  analysed  with  the  following  results  : — 


I. 

II. 

SxO. 

47^45 

49-78 

TiO, 

1-47 

2-22 

AUG,        - 

14-83 

1313 

Fe,03       - 

2-47 

4-35 

FeO 

14-71 

11-71 

MnO 

•27 

CaO 

8-87 

S\)2 

MgO 

5-00 

6-40 

K,0 

•99 

l-Oo 

Na,0 

2-97 

2-39 

CO, 

•36 

•10 

H,0 

1^00 

114 

10012  10046 

I. — Diabase  from  dyke  north  side  of  Scourie  Riy.  P5O5  and  S  (in 
FeSg)  were  not  estimated.  The  PjOa  is  therefore  reckoned  with 
the  AljOg.  Three  specific  gravity  determinations  made  on 
different  samples  gave  3106,  3105,  and  3  08C,. 

II. — Hornblende-schist  from  the  same  dyke.  The  specific  gravities  of 
two  specimens  were  found  to  be  3-111  and  3-122.  Both  analyses 
by  Teall. 

The  two  analyses  show  a  very  close  general  agreement.    No  general 
conclusions  can  be  drawn  from  the  slight  differences  which  exist. 

Between  the  two  extreme  types  of  rock,  occurring  in  one  and 
the  same  dyke,  many  intermediate  varieties  may  be  observed.  The 
replacement  of  the  pyroxene  by  hornblende  can  be  followed  stage 
by  stage,  and  as  it  becomes  more  and  more  pronounced  the  typical 
igneous  structure  i«  lost.  The  change  first  affects  the  peripheral 
portions  of  the  pyroxene -grains  and  works  its  way  inwards  until 
no  trace  of  the  original  mineral  remains.  The  labradorite  loses  its 
lath-shaped  character  and  takes  the  form  of  aggregates  of  irregular 
grains  which  are,  in  many  cases,  entirely  destitute  of  twin 
lamellation.  In  this  particular  dyke  the  development  of  epidote 
or  zoisite  has  not  been  observed,  so  that  the  felspar  of  the 
epidiorite,  like  that  of  the  diabase,  is  labradorite.  Some  quartz 
has  made  its  appearance  in  connection  with  the  amphibolitisation 
of  the  pyroxene. 

***The  metamorphosis  of  Dolerite  into  Hornblende-schist,"  by  J.  J,  H. 
Teall,  Quart.  Jour.  Ged.  Soc.,  1885,  pp.  133-145.  See  also  Bntuh  Fetro- 
grapny.  Plates  xix  and  xx. 
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At  Creag  a'  Mhail,  the  promontory  on  the  north  side  of  Scourie 
Bay,  and  at  the  small  bay  about  ^  mile  to  the  east  of  this  point, 
both  gneiss  and  dyke  are  traversed  by  narrow  zones  of  secondary 
disturbance  (see  Sheet  107).  At  both  these  localities  the  passage 
from  massive  epidiorite  to  hornblende-schist  is  well  displayed. 

The  dyke  which  runs  along  the  north  shore  of  Loch  Assynt 
fths  of  a  mile  E.S.E.  of  Tomore  and  5^  miles  north-west  of 
Inchnadamff  Church  has  already  been  referred  to.  A  series  of 
specimens  (3040-3045)  has  been  collected  from  this  dyke.  The 
centre  of  the  mass  is  a  basic  hyperite  with  interstitial  labradorite ; 
nearer  the  margin  it  becomes  an  enstatite-diabase  with  lath-shaped 
labradorite.  Two  other  specimens  (3040,  3041),  probably  from  the 
central  portions,  are  typical  epidiorites  or  amphibolites,  with 
saussuritic  aggregates  of  epidote  and  a  water-clear  felspar 
belonging  to  the  albite-oligoclase  series.  None  of  these  specimens 
is  foliated.  This  dyke  is  interesting  as  proving  that  the  rocks 
with  enstatite  furnish  epidiorites  of  the  same  type  as  those  which 
arise  from  the  alteration  of  the  diabases. 

Another  series  of  specimens  (2741-2750)  was  collected  from  a 
dyke  J  mile  north-west  of  Loch  a'  Chroisg,  Assynt.  The  least- 
altered  rocks  (2742-2745)  are  hornblende-diabases.  The  other 
specimens  are  either  massive  epidiorites  or  foliated  rocks  of  the 
type  intermediate  between  epidiorites  and  hornblende-schist. 
There  is  in  this  dyke  a  marked  difference  in  the  coarseness  of  the 
grain  between  the  central  and  marginal  portions ;  but  both  the 
coarse  and  the  fine-grained  varieties  have  been  converted  into  epi- 
diorites. Apart  from  variations  in  the  grain  and  the  frequent 
changes  from  diabase  to  epidiorite  the  dykes  are,  as  a  rule,  fairly 
homogeneous  in  composition.  There  are  no  marked  differences 
depending  on  variations  in  the  relative  proportions  of  the  ferro- 
magnesian  and  felspathic  constituents.  The  central  portions  of 
this  dyke  do,  however,  show  a  want  of  homogeneity  similar  to  that 
so  frequently  seen  in  tlie  rocks  of  the  fundamental  complex,  but  on 
a  much  smaller  scale.  This  is  illustrated  by  one  of  the  epidiorites 
in  the  above  series  (2746)  in  which  irregular  patches  of  black  rock 
shade  into  others  of  a  lighter  colour,  much  richer  in  saussurite. 

Acid  segregations  such  as  are  occasionally  seen  in  large  masses  of 
dolerite  (e.g.,  Stirling  Castle  Rock)  appear  to  be  extremely  rare. 
One  such  case  has,  however,  been  observed  by  Mr.  Peach.  It 
occurs  in  a  broad  dyke  about  ^  mile  north-west  of  the  Falls  of 
Kirkaig,  Assynt  (3905-3908).  The  least  altered  rock  is  an 
enstatite-diabase  (3908).  The  acid  masses  which  occur  in  the 
centre  of  the  dyke  are  coarse-grained  aggregates  of  alkali-felspar, 
quartz,  biotite,  hornblende,  and  epidote. 

So  far,  reference  has  been  made  only  to  the  basic  dykes  of  the 
central  area,  where  the  dyke-like  character  of  the  intrusion  is  oft^n 
obvious,  and  where  pyroxenic  rocks  with  true  igneous  structures 
are  not  uncommon.  In  the  southern  area,  basic  igneous  rocks  are 
equally  abundant,  and  many  of  these  are  certainly  of  later  date 
than  the  fundamental  complex ;  but  the  original  character  of  the 
intrusion  is  often  obscure :  pyroxenes  of  the  types  found  in  the 
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central  area  have  not  been  recognised,  and  true  igneous  structures 
are  rare. 

The  massive  rocks  are  amphibolites  (epidiorites),  and  the  foliated 
rocks  are  either  hornblendic  or  actinolitic  schists. 

Broad  bands  of  basic  igneous  rock  are  associated  with  the  sup- 
posed sedimentary  beds  both  on  the  north-east  and  south-west 
sides  of  Loch  Maree  (Sheets  91  and  92).  These  include  massive 
epidote-amphibolites  or  epidiorites  similar  to  those  occurring  in 
the  dykes  of  the  central  area  (3746),  schistose  varieties  of  the  same 
rock  (4995,  5491),  homblende-biotite  schists  (4786,  5489,  5487), 
fine-grained  platy  actinolite-schists  (4996,  3746),  and  chlorite- 
schist  (3747). 

The  broad  belt  of  hornblende-schist  about  two  miles  north  of 
Letterewe,  Loch  Maree,  contains  bands  and  lenticles  of  saussurite, 
composed  of  a  mineral  of  the  epidote-zoisite  group  and  a  turbid 
substance  representing  felspar  (4423).  The  centre  of  one  of  these 
lenticles  contains  numerous  crystals  of  blue  tourmaline  (6341). 
Tourmaline  is  a  rare  mineral  in  the  Lewisian  gneiss,  and  its 
occurrence  in  this  rock  is  therefore  of  exceptional  interest.  Mr. 
Clough  observed  it  also  in  pegmatite  veins  penetrating  the  horn- 
blende-schist, and  in  one  case  it  was  found  to  be  associated  with 
quartz  and  axinite.  This  district  appears  to  have  been  slightly 
afiected  by  boracic  acid  exhalations  similar  to  those  which  have  so 
profoundly  modified  the  rocks  in  certain  parts  of  Cornwall. 

In  addition  to  the  broad  sill-like  intrusions  above  referred  to, 
there  are  also  innumerable  smaller  bands  associated  with  the  true 
archsean  gneisses.  In  the  descriptions  of  the  field-relations  of  these 
rocks  it  has  been  proved  that  they  represent  masses  of  basic 
igneous  rock  intruded  into  the  fundamental  complex,  and  that 
some  of  them  exhibit  dyke-like  relations  to  the  surrounding  rocks. 
The  majority  are  hornblende-schists,  but  they  include  also  massive 
epidiorite,  some  of  which  show  traces  of  felspar-phonocrysts 
(3744,4193). 

Near  the  centre  of  the  district,  south  of  Poolewe,  in  which  Mr. 
Clough  has  proved  the  existence  of  a  kind  of  anticlinal  structure 
in  the  arrangement  of  the  dyke-like  masses,  the  hornblende-schist 
is  linearly  foliated,  parallel  with  the  pitch  of  the  folds.  This  is 
well  seen  in  a  specimen  from  a  point  §-mile  north  of  Meall  an 
Spardain  (4434).  The  rock  is  essentially  composed  of  green  horn- 
blende and  a  somewhat  basic  oligoclase.  Quartz  and  a  few  gi*ains 
of  colourless  sphene  are  also  present.  Two  sections  have  been 
prepared ;  one  parallel  to  the  direction  of  foliation,  the  other 
tninsverse  (Plate  XLIX.,  Figs.  1  and  2).  A  comparison  of  the  two 
shows  that  the  individuals  of  hornblende,  though  irregular  in 
outline,  are  arranged  with  their  vertical  axes  approximately 
parallel  with  the  direction  of  foliation,  and  consequently  with  the 
pitch  of  the  folds  in  the  district.  The  grains  of  oligoclase  are 
irregular  in  outline  and  of  approximately  equal  dimensions  in  the 
difierent  directions. 

The  rock  has  not  been  subjected  to  mechanical  deformation 
since  the  formation  of  the  existing  minerals.     There  are  no  signs 
a 
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of  cataclastic  action.  These  facts  prove  that  the  rock  was  either 
intruded  during  movement  and  consolidated  in  its  present  form, 
or  that  a  previously  formed  rock  was  entirely  recrystallised  under 
the  influence  of  the  stresses  which  produced  the  "  rodded "  or 
**mullion-structure"  of  the  district. 

ni.    MICROCLINE-MICA   DYKES. 

In  addition  to  the  ultra-basic  and  basic  dykes  there  are  a  few 
others  of  peculiar  composition.  A  specimen  from  Creag  Tombaca, 
Glen  Dhu,  1^  mile  E.S.E.  of  Kylesku  (2734),  may  be  selected  as  a 
type  of  a  group  having  affinities  with  mica-traps.  It  is  a  massive 
purplish  rock.  The  rough  surface  shows  large,  irregular  cleavage 
planes  of  felspar,  the  lustre  of  which  is  interrupted  by  inclusions  of 
biotite.  The  constituents  are  microcline,  biotite,  hornblende, 
calcite,  quartz,  sphene,  apatite,  and  iron-ores. 

Microcline  is  abundant,  and  occurs  in  irregular  patches  which 
give  uniform  extinction  over  large  areas.  It  often  appears 
cloudy  under  a  low  power  in  consequence  of  the  presence  of 
minute  inclusions,  amongst  which  scales  of  hematite  may  be 
recognised.  Biotite  occurs  in  very  irregular  plates,  and  contains 
numerous  indeterminable  inclusions.  The  hornblende,  which  is 
rare,  is  pale  green  in  colour  and  idiomorphic  in  the  prismatic 
zone.  Calcite  occurs  in  irregular  grains.  Apatite  is  abundant, 
and  occurs  either  as  thick  hexagonal  prisms  or  as  fairly  large 
grains  which  are  frequently  arranged  in  groups.  Sphene  is 
present  in  the  granular  form.  Iron-ores  are  represented  by  the 
inclusions  of  hematite  in  the  felspar  and  by  a  few  opaque  grains. 
Both  in  structure  and  composition  this  rock  has  affinities  with  the 
mica-traps. 

Another  specimen  (3242)  from  a  point  half  a  mile  north-east  of 
Kyle  Strome,  near  Kylesku,  while  agreeing  in  a  general  way  with 
the  one  just  described,  presents  some  interesting  points  of  differ- 
ence. It  is  slightly  schistose,  and  most  of  the  felspar  occurs  in 
the  form  of  untwinned  grains  in  association  with  quartz.  A  few 
large  individuals,  often  crowded  with  small  scales  of  hematite,  are 
present,  and  these  show  microcline-structure.  Iron-ores  in  the 
form  of  irregular  opaque  patches  are  more  abundant  in  this  rock 
than  in  the  one  above  described,  and  numerous  green  grains,  which 
are  either  pyroxene  or  hornblende,  are  also  present. 

Two  other  specimens,  one  from  Maldie,  l^  mile  east  of  Kylesku 
(3863),  and  another  from  a  point  two-thirds  of  a  mile  E.S.E.  of 
Unapool  (2732),  belong  to  this  group,  although  the  characters  are 
not  so  well  preserved  as  in  the  specimens  above  referred  to. 

Another  specimen  from  Creag  Tombaca  (2733)  is  a  fine-grained, 
dark,  purplish  schist  composed  of  alkali-felspar,  quartz,  biotite, 
calcite,  apatite,  and  sphene.  The  micro-structure  is  that  of  a 
typical  crystalline-schist. 

From  the  foregoing  descriptions  it  follows  that  the  massive 
rocks  of  this  group  are  related  in  composition  and  structure  to 
minettes,  from  which  they  differ  mainly  in  containing  microcline 
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instead  of  orthoclase.  Like  most  of  the  other  archaean  dykes 
found  in  the  Lewisian  Gneiss  they  are  liable  to  pass  over  into 
crystalline-schists. 

IV.    BIOTITE-DIORITE   DYKES. 

A  remarkable  variety  of  biotite-diorite  occurs  at  Allt-a-Mhullin, 
two  miles  S.S.W.  of  Loch  Inver  (3959).  The  rock  is  black,  and 
shows  lustre-mottling  or  macro-poikilitic  structure  in  a  most 
marked  manner.  The  mineral  which  forms  the  substratum  of  the 
rock  is  a  glassy  plagioclase  belonging  to  the  oligoclase-andesine 
series  (sp.  gr.  2*65-2 '66).  Cleavage  faces  of  this  mineral  often 
measure  an  inch  or  more  across.  The  individuals  are  irregular  in 
outline,  and  interlock  with  each  other  in  such  a  way  that  if  the 
other  constituents  could  be  removed,  a  spongy  mass  of  felspar 
would  remain  possessing  the  form  of  the  original  specimen. 
Under  the  microscope  the  felspar  is  seen  to  be  quite  fresh,  though 
often  crowded  with  extremely  minute  inclusions.  The  other 
minerals  are  hornblende,  biotite,  iron-ores,  and  apatite. 

Hornblende  appears  in  two  forms — brown  and  green.  The 
brown  variety  occurs  in  crystals  and  irregular  patches,  often 
rendered  nearly  opaque  by  inclusions  of  iron-ore.  It  is  deeply 
coloured  and  strongly  pleochroic.  The  green  variety  forms  either 
compact  grains  or  fibrous  aggregates.  It  is  probably,  in  part  at 
least,  a  secondary  mineral  after  pyroxene.  Biotite  occurs  in 
large  ragged  plates.     The  specific  gravity  of  the  rock  is  305. 

Another  variety  of  biotite-diorite  forms  a  dyke  at  Loch  an 
Buighein,  north  of  Little  Assynt  (3958).  The  most  striking 
feature  of  this  rock  is  the  occurrence  of  large  blade-like  crystals 
of  a  glassy  felspar  (oligoclase-andesine),  which  often  show  fine 
striation  on  the  basal  plane  and  also  twinning  on  the  Carlsbad  plan. 
On  the  fractured  surface  these  blades  sometimes  measure  ly  in.  in 
length  by  ^th  in.  in  breadth.  They  are  not  bounded  by  sharp 
outlines  against  the  matrix,  and  cannot,  therefore,  be  said  to  form 
porphyritic  constituents  in  the  ordinary  sense  of  the  term. 

Under  the  microscope  the  large  felspars  are  seen  to  be  crowded 
with  minute  inclusions,  the  majority  of  which  are  colourless  grains 
and  prisms,  too  small  for  precise  determination.  The  ground-mass 
is  a  crystalline  granular  aggregate  of  quartz,  plagioclase,  biotite, 
hornblende,  calcite,  epidote,  and  magnetite.  Hornblende  is  scarce ; 
biotite,  in  the  form  of  small  scales,  is  abundant.  The  specific 
gravity  of  the  rock  is  2*87. 

v.   GRANITE   AND  GNEISSOSE    GRANITE   DYKES  AND   SILLS. 

Sills  and  dykes  of  granite  and  gneissose  granite  are  extremely 
common  in  the  neighbourhood  of  Laxford  Bridge,  and  similar  rocks 
occur  in  other  areas  of  the  Lewisian  Gneiss.  The  sills  are 
intimately  connected  with  coarse-grained  microcline-pegmatites 
which  are  often  clearly  intrusive  in  the  rocks  of  the  Fundamental 
Complex,  and  probably  represent  another  facies  of  the  same 
magma. 
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The  specimens  of  granite  and  gneissose  granite  are,  with  one  or 
two  exceptions,  medium-grained  pink  rocks,  in  which  the  parallel 
structure  is  due  simply  to  the  orientation  of  the  constituents, 
especially  the  biotite,  and  not  to  a  variation  in  the  relative  pro- 
portions of  the  different  constituents  in  different  layers.  The 
intrusive  magma  was  homogeneous.  In  this  respect  there  is  a 
marked  contrast  between  the  later  intrusions  and  the  Fundamental 
Complex,  although  some  of  the  broader  basic  dykes  do  show  signs 
of  incipient  differentiation.  Cataclastic  structures  are  usually 
absent,  and  the  ordinary  parallel  structure  is  certainly  not  due  to 
deformation  since  the  constituents  assumed  their  present  forms. 

The  dominant  minerals  are  oligoclase,  microcline,  and  quartz. 
Biotite  is  the  more  common  ferro-magnesian  constituent;  but 
hornblende  has  been  observed  in  one  or  two  cases.  The  rocks  are 
thoroughly  acid  in  composition  (sp.  gr.  2*61-2-63),  and  the  ferro- 
magnesian  constituents  are  never  present  in  any  large  proportion. 
Muscovite  is  not  uncommon,  but  it  occurs  rather  as  an  accessory 
constituent.  The  other  accessories  are  epidote,  orthite,  sphene, 
iron-ores,  apatite  and  zircon. 

The  three  principal  constituents  all  occur  in  irregular  grains. 
The  felspars  sometimes  contain  rounded  inclusions  of  quartz,  but 
this  is  by  no  means  a  marked  feature  of  the  rocks.  In  one  or  two 
cases  vermicular  pegmatite  was  observed.  Oligoclase  has  been 
more  often  affected  by  alteration  than  microcline,  which  is  always 
perfectly  fresh.  Biotite  occurs  in  small  isolated  plates,  but  is  not, 
at  any  rate  as  a  rule,  idiomorphic  in  the  prismatic  zone.  Of  the 
other  minerals,  epidote  is  the  only  one  that  calls  for  any  special 
reference.  It  occurs  in  irregular  grains  which  frequently  contain 
a  core  of  deep  brown  orthite.  Its  relations  to  the  other  minerals 
do  not  suggest  a  secondary  origin. 

VI.   PEGMATITES. 

Pegmatites  are  extremely  common  in  many  portions  of  the 
Lewisian  Gneiss,  and  their  intrusive  character  is  often  clearly  shown. 
In  the  neighbourhood  of  Laxford  they  are  intimately  associated  with 
granites  and  granitic  gneisses,  into  which  they  occasionally  pass  by 
imperceptible  gradations. 

The  dominant  type  of  pegmatite  is  an  extremely  coarse-grained 
rock,  mainly  composed  of  pink  microcline  and  quartz,  often  inter- 
grown  so  as  to  produce  the  well-known  graphic  granite.  A  white 
plagioclase,  which  may  be  either  albite  or  an  acid  oligoclase,  is 
also  present,  though,  as  a  rule,  in  small  quantity,  and  large  plates 
of  biotite  (haughtonite)  are  occasionally  found.  The  plagioclase 
may  occur  as  independent  crystals  of  considerable  size,  as  a  zone 
more  or  less  enveloping  microcline,  or  as  perthitic  and  micro- 
perthitic  intergrowths  with  microcline. 

Individuals  of  microcline  measuring  several  inches  across  are 
very  common,  and  these  frequently  show  two  modes  of  intergrowth 
with  plagioclase,  both  of  which  are  well  represented  in  a  specimen 
taken  from  a  point  about  1^  miles  north  of  Loch  Stack  (6290).  In 
a  section  parallel  to  the  brachy-pinacoid  the  plagioclase  can  be 
easily  distinguished  from  the  microcline  by  its  stronger  double- 
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refraction.  It  extiuguishes  uniformly  over  the  whole  area  of  the 
section  at  an  angle  of  about  19°  in  the  positive  direction  as  referred 
to  the  trace  of  the  basal  cleavage,  and  shows,  with  convergent 
polarised  light,  the  oblique  emergence  of  a  positive  bisectrix. 
These  facts  prove  that  the  felspar  in  question  is  albite  and  that  the 
two  felspars  are  intergrown  so  tliat  their  brachy-pinacoids  are,  at 
least,  approximately  parallel.  The  albite  occurs  in  narrow, 
irregular  and  often  branching  veins  which  show  a  rude  kind  of 
parallelism  over  the  whole  of  the  section.  The  angles  which  these 
veins  make  with  the  trace  of  the  basal  cleavage  vary  from  50°  to 
70°,  so  that  there  is  here  no  regular  succession  of  lamellae  parallel 
to  the  macro-pinacoid  of  the  microcline.  It  is  as  if  a  number  of 
more  or  less  parallel  cracks  had  been  formed  and  the  open  spaces 
filled  in  with  definitely  orientated  albite  substance. 

In  addition  to  the  phenomenon  above  described,  there  is  also 
another  and  more  or  less  distinct  mode  of  intergrowth  on  a  much 
smaller  scale.  When  viewed  with  a  low  power  the  brachy- 
pinacoidal  section  presents  a  fibrous  appearance  which,  when  a 
higher  power  is  used,  is  seen  to  be  due  to  the  occurrence  of 
parallel  rods  or  plates  of  a  colourless  mineral  agreeing  with  albite 
in  refractive  index  and  direction  of  extinction. 

The  parallelism  of  these  rods  or  plates,  which  are  doubtless  formed 
of  albite,  is  much  more  marked  than  that  of  the  broader  veins,  and 
their  direction  with  reference  to  the  trace  of  the  basal  cleavage 
can,  therefore,  be  determined  with  considerable  accuracy. 

The  angle  is  about  73°,  with  a  possible  error  of  about  1°.  In 
the  chapter  on  crypto-perthite,  in  the  monograph  on  the  minerals 
of  the  pegmatite-veins  of  southern  Norway,*  Prof  Brogger 
describes  a  somewhat  similar  intergrowth  in  which  the  striation  on 
the  M-face  (010)  makes  an  angle  of  72°  with  the  trace  of  the 
basal  cleavage.  He  concludes  that  the  soda-orthoclase,  which 
agrees  with  this  felspar  in  composition,  is  a  sub- microscopic  inter- 
growth of  such  a  character  that  lamellae  of  albite  are  arranged 
parallel  to  a  steep  ortho-dome  (80l).  This  would  give  a  striation 
making  an  angle  of  72°  2^'  with  the  trace  of  the  basal  cleavage,  if 
the  intergrowth  were  coarse  enough  to  make  itself  recognisable 
under  the  microscope. 

In  a  section  of  the  above  felspar  taken  parallel  to  the  basal  plane 
the  cross-hatching  of  the  microcline  is  well  seen,  while  the  albite 
of  the  veins  shows  only  the  normal  lamellar  twinning  of  plagioclase. 
The  veins  vary  considerably  in  width  and  sometimes  in  direction, 
but  their  general  course  is  at  right  angles  to  the  trace  of  the 
brachy-pinacoid.  The  inclusions  which  produce  the  fine  striation 
in  the  other  section  are  here  seen  end  on.  They  appear  for  the 
most  part  as  oval  dots ;  but  occasionally,  owing  to  the  coalescence 
of  several  dots,  a  rod-like  form  is  produced. 

The  minute  inclusions  are  not  distributed  uniformly  through  the 
section,  and  where  they  are  most  abundant  the  broad  veins  are 
least  conspicuous.    Prof.  Brogger  has  suggested  that  the  finer  inter- 

*  *'  Die  Mineralien  der  Syenit-pegmatit-gaDse  der  Siidnorwegischen  Augit 
and  Nephelinsyenite."    Z!kt,  f,  Kry9,  Vol.  Xvl.,  Leipzig,  J.890. 
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gro^iihs  with  orthoclase,  parallel  to  the  steep  macro-  or  orthodome, 
are  original  structures,  and  that  the  coarser  perthitic  intergrowths 
which  are  often  parallel  to  the  macro-  or  ortho-pinacoid  have  been 
formed  by  secondary  processes  at  the  expense  of  the  finer  inter- 
growths. The  phenomena  seen  in  the  above  felspar  from  Scotland 
are  undoubtedly  similar  to  those  described  by  Prof.  Brogger,  and 
his  theory  may  apply  to  them. 

Combining  the  results  of  the  observations  made  on  the  two 
sections,  we  see  that  the  fine  micro-pertliitic  structure  is  due  to  the 
occurrence  of  extremely  minute  rods  or  plates  of  albite  which  lie  in 
a  plane  corresponding  very  closely  with  the  steep  orthodome  of 
orthoclase  (801),  and  that  the  coarser  perthitic  structure  is  due  to 
veins  or  irregular  lamellae  which  show  a  tendency  to  follow  more 
closely  a  direction  corresponding  to  the  macro-pinacoid.  The 
perthitic  lamellse  are,  however,  very  irregular,  and  so  frequently 
give  ofi*  branches  at  difierent  angles  that  the  crystallographic 
relations  of  the  two  felspars  are  of  a  very  vague  and  indefinite 
character. 

Another  mode  of  association  of  the  felspars  is  represented  by  a 
specimen  from  a  point  about  ^  mile  E.N.E.  of  Badcall  Storehouse, 
Loch  Laxford.  In  this  case  a  crust  of  plagioclase  from  J-th  to 
^  inch  in  thickness  surrounds  a  crystal  of  microcline.  Flakes  of 
the  plagioclase  parallel  to  the  brachy-pinacoid  give  extinctions 
of  from  5°  to  7°  in  the  positive  direction.  The  mineral  is,  there- 
fore, oligoclase.  The  section  (6326)  which  is  approximately 
parallel  to  the  basal  plane  of  the  microcline  shows  also  inter- 
growths of  plagioclase  similar  to  those  already  described. 

Mr.  Clough  found  a  small  quantity  of  Amazon-stone  in  a 
pegmatite  of  the  ordinary  type,  occurring  near  Badnabay,  one 
mile  west  from  Laxford  Bridge.  It  is  composed  of  alternating 
lamellse  of  green  microcline  and  white  albite,  the  former  measuring 
about  rS  and  the  latter  about  '4  mm.  in  thickness.  The  boundaries 
of  the  albite  lamelte  are  not  so  irregular  as  in  the  specimen  of 
pink  microcline  above  described.  They  correspond  roughly  with 
the  macro-pinacoid  of  the  microcline. 

Biotite-pegmatites  with  pink  microcline  are  by  far  the  most 
common,  and  when  the  term  pegmatite  occurs  in  the  description 
of  the  geology  of  the  north-west  of  Scotland  these  rocks  are 
almost  always  referred  to.  Biotite,  however,  is  often  absent. 
A  few  coarse-grained  pegmatites  are  found  in  which  albite  or  an 
acid  oligoclase  is  the  only  felspar  present.  Good  examples  of 
these  occur  in  some  lines  of  movement  in  the  Laxford  area  (6297, 
6293,  and  6298),  where  biotite  is  associated  with  the  plagioclase. 
More  or  less  crushed  pegmatites,  essentially  composed  of  albite  and 
muscovite  (6328),  occur  at  a  point  about  ^  mile  south  of  Cammore 
old  house,  four  miles  N.N.E.,  Letterewe,  Loch  Maree. 

Microcline-pegmatites  are  abundant  in  certain  parts  of  the 
northern  and  southern  areas,  but  they  are  rare  in  the  district 
occupied  by  the  pyroxene-gneisses.  They  are  usually  massive  ; 
but  very  fine  examples  of  foliated  pegmatites  in  which  the  large 
individuals  of  microcline  form  "  eyes  "  occur  near  Shieldaig  on  the 
south  side  of  Loch  Torridon  (see  Plate  IX.) 


CHAPTER  VIII. 

DESCRIPTIONS  OP  THE   SEVERAL  DISTRICTS  OF  THE 

LEWISIAN  GNEISS. 

CAPE  WRATH  TO  LOCH   LAXFORD.* 

Character  of  Surface. — ^This  district  extends  eastwards  from  Cape 
Wrath  to  the  mouth  of  Loch  Erribol,and  is  bounded  on  the  landward 
side  by  a  linedra^ra  from  the  head  of  that  sea-loch  south-west  to  Loch- 
na-Tuaidh, and  thence  nearly  due  west  to  the  river  Laxford  at  a  point 
about  two  miles  above  its  mouth.  The  Lewisian  Gneiss  occupies 
slightly  more  than  half  of  this  area,  the  rest  being  mainly  covered 
by  the  Torridon  Sandstone.  In  the  south  the  gneiss  forms  the 
promontory  between  Lochs  Inchard  and  Laxford,  and  extends  east- 
wards for  a  distance  of  8  to  10  miles  to  the  western  slopes  of 
Arkle  and  Fionne-Bheinn.  North  of  Loch  Inchard  the  gneiss 
appears  in  approximately  parallel  belts  of  irregular  outline,  which 
stretch  from  south-west  to  north-east,  and  are  separated  from  one 
another  by  outcrops  of  Cambrian  and  Torridonian  strata  of  varying 
breadth.  The  boundaries  of  these  belts  are  to  a  large  extent 
determined  by  a  system  of  parallel  faults  which  are  described  in 
the  section  dealing  with  the  Torridonian  rocks  of  this  area.  In 
the  dreary  region  known  as  the  Parph,  between  Cape  Wrath  and 
the  Kyle  of  Durness,  the  tracts  of  gneiss  are  comparatively 
featureless,  seeing  that  they  are  covered  with  extensive  flat  peat^ 
mosses.  It  is  only  along  the  magnificent  cliff  sections  on  either 
side  of  the  Cape,  and  on  the  western  shore  of  the  Kyle,  that  the 
relations  of  the  rocks  in  this  district  can  be  satisfactorily  observed. 

West  of  the  Durness  limestone  basin,  and  especially  in  the  in- 
tensely glaciated  region  around  Rispond,  the  gneiss  presents  a  series 
of  smooth,  bare,  mammillated  surfaces  that  rise  gradually  from  the 
shore  of  Loch  Erribol  to  the  summit  of  the  rocky  hill  of  Ceanna- 
beinn,  a  height  of  1157  feet  above  sea-level.  From  this  point  the 
elevation  of  the  gneiss  increases  gradually  to  the  south-west,  the 
older  rocks  rising  to  heights  of  2000  to  2300  feet  on  the  slopes  of 
Spionnaidh  and  Crann  Stacach,  and  passing  beneath  the  Cambrian 
quartzite  that  caps  the  extreme  summits  of  the  hills  that  rise  above 
the  wild  valley  of  the  Dionard  river.  On  the  west  side  of  this  deep 
and  rugged  glen  the  gneiss  forms  the  flanks  and  northern  spurs  of 
Pionne-bheinn;  and    on   Ceann  Garbh,  the   most  northerly  peak 

*This  district  is  contained  in  Sheets  107,  108,  113,  and  114  of  the 
Geological  Survey  Map  of  Scotland  on  the  scale  of  one-inch  to  a  mile  (y^^i  A 
The  present  chapter  has  been  written  by  B.  N.  Peach,  J.  Home,  C.  T. 
Clough^  and  L.  W.  Hinxman. 
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of  that  mountain,  reaches  a  height  of  2952  feet.  This  is  the 
greatest  elevation  attained  by  unmoved  Lewisian  gneiss  in  Britain. 

The  country  immediately  south  and  south-east  of  Loch  Inchard 
is  known  as  the  Ceathramh  Garbh  (pron.  Kerroo  Garrav),  or  "rough 
quarter,"  from  its  peculiarly  rugged  configuration.  The  observer 
who  views  this  district  from  a  distant  elevation  sees  spread  beneath 
him  a  billowy  expanse  of  bare  grey  rock  (see  Plate  I.  for  com- 
parison), the  crests  of  the  ridges  approaching  more  or  less  to  a 
common  level  which  is  found  to  range  from  400  to  600  feet  in  the 
south-east  portion  of  the  area,  and  from  300  to  450  feet  in  that  to 
the  north-west.  The  general  impression  thus  conveyed  is  that  of 
a  plain  of  marine  denudation,  sloping  gently  towards  the  west. 
The  whole  district  is  cut  up  by  innumerable  valleys  and  craggy 
features  running  in  divers  directions,  and  not  infrequently  crossing 
the  present  watersheds.  Many  of  the  valleys  and  rocky  features 
are  almost  straight,  and  mark  lines  of  fault  or  crush.  The  majority 
of  them  run  north-east  and  south-west ;  but  a  good  many  have  a 
north-west  and  south-east  direction,  while  a  few  run  nearly  due 
north  and  south. 

As  examples  of  the  north-east-south-west  series,  reference 
may  be  made  to  those  which  pass  through  Loch  Sgeir  a'  Chadha 
and  Loch  na  Claise  Inchairich,  several  of  which  are  exposed  on  the 
north-west  coast  of  Loch  Laxford,  and  are  there  accompanied  with 
thin  dykes  of  diabase ;  also  to  those  which  pass  through  or  near  the 
eastern  part  of  Loch  Crocach,  two  miles  west  of  Rhiconich,  one  of 
which,  on  the  coast  rather  more  than  \  mile  east  of  Ardmore,  is  as 
much  as  5  yards  wide. 

The  most  prominent  of  the  north-west-south-east  features  is 
the  valley  which  runs  so  straight  between  Loch  Inchard  and  the 
north  side  of  Loch  Stack,  and  which  is  occupied  for  a  great  part 
of  its  length  by  a  series  of  long,  narrow  lakes.  A  line  of  crush 
probably  runs  near  the  valley  bottom  for  most  of  its  course,  and 
passes  in  a  north-westerly  direction  along  the  straight  south- 
westeni  side  of  the  upper  part  of  Loch  Inchard.  This  southern 
area  is  remarkable  for  the  multitude  of  small  lochs  of  the  most 
diverse  shapes  that  are  dotted  over  the  surface.  Besides  those 
shown  on  the  one-inch  map  several  others  are  so  hidden  away 
among  the  rock-knolls  as  to  have  escaped  the  notice  of  the 
Ordnance  Surveyors.  Many  of  these  lochans  are  undoubtedly 
rock-basins,  and  the  gneiss  can.  be  traced  uninteriniptedly  round 
them.  They  have,  however,  no  general  direction,  and  often  wund 
about  in  a  most  complicated  manner.  Their  long  axes  seem  to  be 
independent  of  the  direction  of  the  ice  movement,  and  in  a  good 
many  cases,  as,  for  instance,  Loch  na  Claise  Inchairich,  Loch  na 
Fiacail,  and  Loch  Crocach,  lie  along  lines  of  crush  or  fault.  The 
few  larger  lochs  that  occur  in  the  gneiss  are^s  of  the  north  appear 
either  to  occupy  hollows  in  the  drift,  or  to  be  partially  enclosed  by 
accumulations  of  superficial  deposits.  The  south-western  coast- 
line is  also  deeply  indented  by  branching  sea-lochs,  whose  shores 
and  islets  afford  excellent  sections  of  the  Lewisian  rocks. 

Along  the  western  coast  the  Lewisian  rocks  have  been  laid  bare 
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in  a  series  of  lofty  precipices,  of  which  those  at  Cape  Wrath  are 
particularly  striking  (Plate  V.). 

Much  of  the  gneiss  in  the  northern  district  is  covered  with  peat 
and  drift,  but  in  the  region  south  of  Loch  Inchard  a  great  part  of 
the  ground  is  bare  of  drift  and  even  of  vegetation,  though  many  of 
the  stream-courses  are  choked  with  drift  boulders.  A  striking 
feature  of  the  country  between  Rhiconich  and  Laxford  Bridge  is 
the  number  of  perched  blocks  which  crown  the  smooth  crests  of 
the  bare  gneiss  ridges  and  stand  out  in  relief  on  the  sky-line. 

General  Characters  of  ike  Bocks. — The  whole  of  the  Lewisian  rocks 
in  the  district  under  consideration  belong  to  the  unmoved  area. 
They  have  not  been  affected  by  the  great  post-Cambrian  thrusts, 
and  their  structures  are  to-day  essentially  the  same  as  in  pre- 
Torridonian  times. 

The  gneiss  of  this  northern  district  can  in  places  be  easily  seen 
to  consist  of  a  fundamental  complex  invaded  by  granites  and 
pegmatites,  but  this  complex  may  not  quite  represent  the  early 
complex  of  the  central  district.  In  fact,  as  will  be  shown  in  the 
sequel,  there  is  good  reason  for  the  belief  that  traces  of  both  basic 
and  ultrabasic  dykes,  in  all  probability  referable  to  the  period  of 
intrusion  of  those  of  Scourie  and  Loch  Inver,  are  to  be  found  on 
Beinn  an  Amair,  three  miles  south-west  of  Duniess,  and  near 
Cape  Wrath.  As  explained  by  Mr.  Teall  in  a  former  chapter, 
great  difficulty  is  sometimes  experienced  in  this  area  in  dis- 
tinguishing between  the  biotite  gneisses  of  the  fundamental  com- 
plex and  some  of  the  intrusive  foliated  granites.  On  Ben  Amair, 
where  the  invading  granite  takes  the  form  of  dykes  and  sills  which 
traverse  the  complex  of  basic  and  acid  gneiss  and  modified  dykes, 
all  alike  in  the  granulitic  stage,  there  is  no  difficulty  in  separating 
the  granite  from  the  granulitic  biotite-gneiss  of  the  real  original 
complex.  In  other  parts  of  the  district,  however,  where  both 
groups  of  acid  material  have  passed  into  the  granular  condition,  it 
is  almost  impossible  to  distinguish  between  them.  The  granite 
presents  no  chilled  margin,  and  seems  to  merge  into  the  surround- 
ing rock. 

The  gneiss  of  the  original  complex  in  this  district  includes  three 
of  the  groups  or  sub-groups  into  which  Mr.  Teall  has  divided  the 
Lewisian  rocks : — 

a.  Grey  gneiss,  in  which  biotite  is  the  predominant  or  only 
ferro-magnesian  mineral  (IV.  1). 

h.  Homblende-biotite-gneiss,  containing  a  considerable  pro- 
portion of  hornblende  in  addition  to  the  biotite  (III.  B  1). 

c.  Dark  gneiss,  in  which  hornblende  is  the  predominant 
mineral  (III.  A). 

These  three  varieties  alternate  in  bands  or  areas  of  varying  breadth 
having,  as  a  rule,  no  sharply  defined  boundaries,  but  graduating 
from  the  more  acid  into  the  more  basic  type  as  the  proportion  of 
hornblende  present  increases.  In  structure  these  gneisses  are 
granular ;  but  in  places,  as  on  the  north  slopes  of  Beinn  Amair, 
they  are  in  the  granulitic  stage.     The  hornblende-gneiss  (c)  which 
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appears  to  preponderate  in  the  area  between  Cape  Wrath  and  Lax- 
ford  Bridge  is  mainly  composed  of  hornblende  and  plagioclase 
felspar,  but  generally  contains  a  little  pyroxene.  The  hornblende 
does  not  occur  in  bladed  or  acicular  forms,  but  in  stout  crystals, 
almost  as  broad  as  long  (**  short  crj'^stallisation  "). 

The  numerous  dark  bands,  masses,  and  lenticles  of  basic  and  ultra- 
basic  material  thatoccur  with  these  gneisses  cannot  >\ith  any  certainty 
be  separated  from  them  in  point  of  origin,  and  must  be  re- 
garded for  the  most  part,  at  least,  as  portions  of  the  original 
complex.  This  is  particularly  the  case  with  the  lenticular  masses 
which  are  so  abundant  in  certain  areas,  and  often  appear  to  be 
completely  surrounded  by  the  more  acid  rocks.  These  lenticles 
vary  in  size  from 'small  knots  or  "eyes"  an  inch  or  two  across  to 
masses  many  yards  in  diameter,  and  are  wholly  or  in  great  measure 
composed  of  dark  hornblende,  but  are  often  fringed  or  sheathed 
with  a  matted  mass  of  crystals  of  a  very  black  mica,  probably 
haughtonite.  The  bands  of  basic  material  vary  from  a  few  inches 
to  several  yards  in  breadth.  Their  continuity  in  tracts  where  the 
later  acid  intrusions  are  prevalent  is  often  interrupted  by  the 
injection  of  granite  and  pegmatitic  material,  with  the  result  that 
portions  of  the  basic  rock  are  isolated  in  the  form  of  lenticular 
masses,  in  whose  linear  arrangement  the  course  of  the  band  can 
still  be  traced.  The  lenticles  thus  produced  differ,  of  course,  in 
their  origin  from,  and  must  not  be  confounded  with,  the  original 
knots  above  described. 

The  fine  coast  sections  in  the  Kyle  of  Durness  and  at  Cape 
Wrath  afford  no  satisfactory  evidence  as  to  whether  or  not  these 
basic  bands  should  be  regarded  as  later  intrusions  in  the  original 
complex.  They  are  foliated  throughout  in  agreement  with  the 
common  foliation  of  the  gneiss  amidst  which  they  occur,  and  no 
unmistakable  instance  has  been  detected  of  the  transgression  of 
the  foliation  planes  of  the  gneiss  by  the  basic  material.  In  the 
cliffs  east  and  south  of  Cape  Wrath,  where  the  rocks  are  sharply 
folded,  the  dark  bands  follow  the  plications,  which  they  make 
visible  in  a  very  conspicuous  manner. 

A  short  distance  west  from  the  Ferry  House,  in  the  Kyle  of 
Durness,  a  good  example  may  be  seen  of  one  of  these  bands  of  dark 
basic  rock.  It  has  somewhat  the  appearance  of  an  intrusive  dyke, 
though  its  relations  to  the  gneiss  are  nowhere  distinctly  visible. 
It  has  been  traced  in  a  W.N.W.  direction  for  a  distance  of  nearly 
i  mile,  and  can  be  examined  at  several  places  along  the  side  of 
the  road  to  Cape  Wrath.  The  rock  of  this  band  is  thoroughly 
foliated,  its  nearly  vertical  planes  dip  south-west,  while 
the  mineral  particles  are  arranged  in  lines  indicating  movement  in 
one  particular  direction.  The  chief  constituents  of  tliis  rock  are 
felspar  and  hornblende,  with  a  little  mica  along  the  divisional 
planes.  The  relative  amount  of  the  first  two  minerals  continually 
varies;  some  bands  being  highly  felspathic,  othei-s  more  horn- 
blendic,  while  there  are  also  thin  bands  and  lenticles  of  pure 
hornblende.  Segregation  of  the  various  minerals  is  thus  suggested. 
The  whole  mass  is  so  singularly  free  from  acid  material,  either 
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original  or  introduced,  as  to  suggest  that  it  may  be  a  later  basic 
intrusion  in  the  original  complex,  comparable  to  a  "  Scourie  dyke." 
If  such  be  the  origin  of  the  band  its  injection  may  have  been 
po8terit)r  to  the  movements  which  produced  the  early  folding 
and  puckering,  but  anterior  to  those  which  gave  rise  to  the 
cleavage  foliation  of  the  gneiss. 

The  later  intrusive  origin  of  certain  narrow  bands  of  basic  rock 
with  more  or  less  parallel  sides,  that  can  be  traced  for  several 
hundred  yards  on  the  summit  and  northern  slopes  of  Beinn  Amair, 
can  be  assumed  with  more  certainty.  They  appear  to  transgress 
the  different  bands  of  the  original  complex  both  vertically  and 
horizontally,  and  not  to  share  in  the  folding  of  these  bands  but  to 
follow  an  independent  course  that  is  more  or  less  parallel  to  the 
direction  of  the  planes  of  the  longer  axes  of  the  folds  both  in  their 
dip  and  strike.  The  rock  near  the  sides  of  these  bands  is  different 
in  texture,  and  the  ingredients  are  more  intimately  mixed  than  in 
the  centre,  which  often  has  a  mottled  appearance  from  the 
arrangement  of  the  quartz  and  felspar  in  small  aggregates. 

The  behaviour  of  these  basic  masses,  cutting  as  they  do  the 
banding  of  the  gneisses  of  the  original  complex,  while  they  not  only 
share  in  a  common  foliation  with  them,  but  are  now  in  identically 
the  same  state  of  crystallisation,  points  to  the  inference  that  they 
were  injected  into  these  gneisses  when  the  latter  had  already 
acquired  their  banding,  but  prior  to  the  time  when  they  were  sub- 
jected to  the  forces  which  produced  their  present  foliation  and 
puckering.  As  these  bands  have  the  same  trend  as  the  longer  axes 
of  the  folds,  they  would  also  lie  more  or  less  at  right  angles  to  the 
direction  in  which  these  forces  were  applied.  Hence  they  would 
not  share  in  the  puckering  of  the  surrounding  gneiss,  though  they 
would  be  compressed  and  foliated  in  a  direction  more  or  less 
parallel  with,  the  foliation  planes  of  the  gneiss,  and  differing  from 
it  only  so  far  as  the  coeflScient  of  friction  of  their  material  differed 
from  that  of  the  materials  of  the  gneiss. 

It  is  possible  that  other  bands  of  this  nature  may  occur  in  the 
northern  area,  with  a  trend  different  from  that  of  the  axes  of  the 
folds,  and  inclined  at  a  less  angle  to  the  horizon.  In  such  cases 
they  would  partly  share  in  the  folding  of  the  gneiss,  and  hence 
would  more  easily  escape  detection.  In  those  areas  where  the 
later  granitic  intrusions  play  a  subordinate  part,  the  banded  gneisses 
are  generally  found  to  be  thrown  into  a  system  of  folds,  whose  long 
axes  have  a  general  north-west  and  south-east  trend.*  The  axial 
planes  of  these  folds  may  be  vertical,  in  which  case  normal  folds 
are  produced,  and  the  rocks  either  undulate  at  gentle  angles  or 
are  sharply  compressed,  giving  the  appearance  of  verticality. 
More  often  they  are  oblique  to  the  horizon,  and  the  folding  is  con- 
sequently isoclinal.  In  this  case  the  overfolding  may  become  so 
extreme  as  to  produce  the  effect  of  horizontal ity  in  the  flattened 
limbs  of  the  folds. 

*  It  was,  doubtless,  this  structure  which  led  Murchison  to  insist  on  the 
north-west  strike  of  the  fundamental  gneiss  in  contradistinction  to  the  north- 
north-east  strike  of  the  eastern  schists  and  flags. 
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The  first  type  of  folding  occurs — in  both  varieties — at  Cape 
Wrath ;  the  second  may  be  observed  at  several  places  along  the 
west  side  of  the  Kyle  of  Durness,  as,  for  example,  at  the  mouth  of 
the  Kyle  immediately  south  of  Port  Odhar. 

In  addition  to  this  system  of  plication  the  banded  gneisses  further 
show  a  persistent  foliation  which  traverses  the  diflerent  materials 
included  in  the  folds  in  a  direction  more  or  less  parallel  to  their 
longer  axes.  The  mineral  particles  are  arranged  along  planes 
which  follow  the  same  direction,  but  the  banding  is  not  destroyed. 
Hence  we  may  infer  that  the  whole  of  the  material  has  been  re- 
arranged by  the  movements  which  resulted  in  the  folding  and 
foliation  now  apparent  in  these  rocks. 

The  acid  materials  which  have  been  intruded  into  the  original 
complex  of  the  gneiss  are  well  displayed  along  the  west  side  of  the 
Kyle  of  Durness.  They  take  there  the  form  of  massive  pegmatites 
often  many  yards  in  breadth,  and  of  thinner  bands  of  fine  or 
medium-grained  granite.  In  paits  of  the  section  the  rocks  of  the 
original  complex  bear  a  comparatively  small  proportion  to  the 
quantity  of  introduced  material.  The  granite  is  not  foliated, 
though  a  tendency  to  a  linear  arrangement  or  orientation  of  the 
minerals,  especially  of  the  biotite,  can  generally  be  detected.  This 
lineation  is  often  more  or  less  parallel  to  the  foliation  of  the  gneiss, 
but  sometimes  lies  at  an  angle  with  it  of  not  less  than  20°.  The 
edges  of  the  granite  intrusions  distin(!tly  transgress  the  foliation 
planes  of  the  gneiss,  sometimes  cutting  them  at  a  considerable 
angle,  while  the  apophyses  from  the  granite  often  penetrate  the 
gneiss  for  several  yards  in  a  most  irregular  manner.  Many  in- 
clusions of  gneiss,  of  all  sizes,  likewise  appear  in  the  granite. 

The  pegmatite  veins,  which  are  evidently  a  phase  of  the  same 
acid  intrusion  and  derived  from  the  same  magma,  cut  the  gneiss, 
the  granite,  and  one  another,  and  are  often  developed  along  the 
junction  of  the  two  rocks.  The  granite  is  decidedly  acid  in 
composition,  the  felspars  being  oligoclase  and  microcline,  with 
biotite  as  the  principal  ferro-magnesian  constituent :  though  in 
some  cases,  as,  for  example,  in  one  or  two  bands  north  from 
Durness  Ferry,  a  considerable  amount  of  hornblende  is  also 
present.  The  pegmatites  are  extremely  coarse,  with  large  crystals 
of  microcline.  They  contain  biotite  in  large  but  scanty  crystals, 
though  these  sometimes  become  more  abundant  along  the  edges 
of  the  vein. 

In  the  neighbourhood  of  Cape  Wrath,  where  these  acid  intru- 
sions are  largely  developed,  the  rocks  immediately  below  the 
lighthouse,  and  for  some  distance  on  either  side  of  it,  seem  to  be 
chiefly  composed  of  granitic  material  which  has  invaded  the 
original  complex,  the  whole  now  forming  a  second  granitoid  com- 
plex, in  which  such  portions  of  the  early  acid  gneiss  as  remain  cannot 
always  be  distinguished  from  the  later  acid  intrusions.  The  basic 
portions  of  the  original  complex,  which  have  to  a  greater  degree 
resisted  the  invasion  of  the  granite,  retain  their  distinctive 
character  and  appear  as  knots  and  bands  in  the  newer  complex. 
The  banded  appearance  of  the  rocks  forming  this  complex,  which  is 
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particularly  marked  in  the  ground  immediately  south  of  the  Cape, 
does  not  appear  to  be  due  to  the  arrangement  of  the  mineral 
constituents  of  the  whole  system  in  different  layers,  but  rather  to 
a  rapid  alternation  of  bands  of  unfoliated  granite  with  other  thinner 
bands  and  seams  of  foliated  material  belonging  probably  to  the 
original  complex.  The  whole  assemblage  of  rocks  in  this  part  of 
the  district  may  now  be  regarded  as  a  series  of  composite  or 
synthetic  gneisses.  A  large  portion  of  these  may  undoubtedly  be 
referred  to  the  later  intrusion  of  granite,  but  this  is  combined  with 
the  acid  gneiss  of  the  original  complex  in  such  a  manner  that  the 
rocks  of  the  earlier  and  later  origin  cannot  be  distinguished  from 
one  another  with  any  certainty.  Both  granite  and  original 
complex  are  cut  by  veins  of  pegmatite.  They  are,  however,  thin 
and  verj'  small  in  bulk  compared  with  the  granite.  In  this  respect 
the  Cape  Wrath  rocks  are  the  reverse  of  those  of  the  Kyle  of 
Durness,  where  the  pegmatites  are  largely  in  excess,  and  where  we 
appear  to  be  dealing  with  the  edge  of  this  area  of  intrusion. 

DESCRIPTION   OF  THE   DIFFERENT  AREAS  IN   THE   DISTRICT. 

Gape  Wrath. — The  amount  of  peat  and  drift  which  covers  the 
country  immediately  south  and  south-east  of  the  Cape  conceals  the 
landward  limits  of  the  granite  intrusions,  and  only  in  the  sections 
afforded  by  the  range  of  magnificent  sea-cliffs  can  the  extent  and 
relation  of  the  granite  to  the  surrounding  rocks  be  detei-mined. 
The  coast-line  westwards  from  6eodha-na-Seamraig  runs  parallel 
to  the  general  W.N.W.  strike  of  the  old  granitoid  gneiss,  which, 
varied  with  a  few  dark  basic  bands,  extends  in  an  almost  unbroken 
rampart  to  Clais  Chamach.  The  western  side  of  this  inlet  is 
formed  by  a  great  mass  of  red  granite  weathering  grey,  which  on 
the  landward  side  is  intrusive  in  an  extremely  basic  portion  of  the 
original  complex. 

The  cliffs  between  this  point  and  the  Cape  are  also  largely 
formed  of  the  rocks  of  the  granitoid  complex,  but  contain 
numerous  dark  bands  of  basic  material  which,  by  their  strongly 
contrasted  tint,  mark  out  the  intense  folding  to  which  the  rocks 
have  been  subjected  (Plate  V.).  The  vast  sea-walls  along  this 
part  of  the  coast  are  for  the  most  part  inaccessible  either  by  land 
or  sea,  but  in  the  inlet  immediately  west  of  the  lighthouse — used 
as  a  boat  harbour  in  calm  weather — the  rocks  can  be  more  closely 
studied.  The  original  complex  of  the  gneiss  is  there  seen  to  bear 
but  a  small  proportion  to  the  amount  of  introduced  material,  which 
consists  for  the  most  part  of  a  fine-grained  grey  or  reddish  granite, 
like  that  of  the  Kyle  of  Durness,  and  showing  the  same  tendency  to 
a  linear  arrangement  of  the  biotite  crystals.  This  rock  occurs  in 
bands  of  varying  breadth,  of  which  one  that  crosses  the  steep  cliff, 
immediately  under  the  lighthouse  must  be  at  least  60  feet  thick. 
The  edges  of  the  granite  intrusions  usually  cross  the  foliation 
planes  of  the  gneiss  at  gentle  angles,  but  are  often  seen  to  cut  off 
and  isolate  poHions  of  the  original  complex.  The  pegmatite  is 
small  in  amount  compared  with   the  granite.     The  larger  veins 
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traverse  both  the  granite  and  the  original  complex,  and  run 
vertically  np  the  face  of  the  cliff.* 

The  folding  in  the  gneiss  is  not  so  intense  about  Cape  Wrath  as 
it  is  in  the  cliffs  further  east.  The  nearly  horizontial  bands  are 
thrown  into  gentle  undulations,  but  are  at  times  suddenly  com- 
pressed into  sharply  puckered  folds.  The  dark  bands  which  share 
in  this  folding  are  often  intennipted  and  isolated  by  the 
pegmatite  veins  forming  lines  of  eye-shaped  masses  of  basic 
material. 

The  rocks  for  some  distance  south  from  the  lighthouse  have 
already  been  described  in  the  foregoing  pages  which  discuss  the 
general  character  of  the  granitoid  complex.  The  edge  of  this 
area  of  acid  intrusion  seems  to  be  reached  about  200  yards 
north  of  A'Chailleach.  In  the  neighbourhood  of  the  fault  which 
here  brings  in  a  small  patch  of  Torridon  conglomerate,  rocks  of  the 
original  complex  again  prevail,  consisting  of  nearly  vertical  flaggy 
biotite-hornblende  gneiss  with  a  north-west  strike.  The  sharp 
folds  into  which  they  have  been  thrown  are  well  brought  into 
view  by  the  numerous  conspicuous  bands  of  black  hornblende  rock. 
A  good  (leal  of  granitic  material  is  still  present  here  in  the  form  of 
thin  bands  of  medium-grained  granite  and  veins  of  coarse  pegma- 
tite. The  general  character  of  the  rocks  resembles  that  of  those 
on  the  Kyle  of  Durness,  but  the  original  complex  is  here  of  a 
considerably  more  basic  type. 

A  peculiar  and  composite  rock,  which  may  have  formed  an  ultra- 
basic  dyke,  occurs  on  the  face  of  the  cliff*  about  80  yards  south 
from  the  fault,  and  immediately  below  the  base  of  the  Torridon 
conglomerate.  It  forms  a  lenticular  vein  or  mass  nearly  100  yards 
in  length,  running  north-westward  in  a  direction  parallel  to  the 
strike  of  the  gneiss.  The  northern  end  is  chiefly  composed  of 
chert  and  massive  blue  haematite,  the  central  portion  of  cheil;,  and 
the  southern  part  of  serpentine,  talc,  and  actinolite.  The  whole 
vein  is  characterised  by  stellate  bundles  of  hydrous  anthophyllite, 
with  some  asbestos.  The  chert  and  haematite  are  probably  due  to 
subsequent  infiltration  ;  the  serpentine  to  decomposition  of  original 
minerals  forming  the  vein. 

Between  the  next  inlet  south  from  this  point,  where  a  small 
stream  falls  into  the  sea,  and  the  fault,  which  again  brings  the 
Torridonian  strata  down  to  sea  level,  the  amount  of  introduced 
granitic  material  once  more  increases,  with  a  corresponding 
diminution  in  the  bulk  of  the  original  complex,  until  the  rocks 
I'esemble  in  general  character  those  at  the  Cape. 

*The  geological  world  was  first  made  acquainted  with  the  complicated 
grouping  of  the  rocks  of  this  coast  by  the  somewhat  exaggerated  drawing  of 
**  Gneiss  and  Granite  Veins  at  Cape  Wrath  "  given  by  MaccuUoch  in  Plate 
XXXI  of  his  **  Description  of  the  Western  Islands  of  Scotland"  (1819). 
Some  of  the  details  of  the  clifis,  such  as  the  feeble  foliation  of  the  granite 
veins  in  the  same  direction  as  that  of  the  gneiss,  the  puckering  of  the  bands 
of  granite  and  pegmatite,  and  the  way  in  which  some  of  the  lighter  acid- veins 
wriggle  upward  through  the  gneiss,  were  illustrated  by  Sir  Archibald  Geikie 
in  his  Textbook  of  Geology. 
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Kyle  of  Durness. — That  part  of  the  western  shore  of  the 
Kyle  of  Durness  which  lies  between  the  Ferry  Honse  and 
Port  Odhar  at  the  mouth  of  Balnakeil  Bay,  displays  the 
Lewisian  gneiss  in  an  excellent  section  which  is  continuous, 
save  for  the  small  area  of  Cambrian  quartzite  on  either 
side  of  the  Daill  bum.  Here  the  original  complex  consists 
of  a  series  of  well-banded  gneisses  in  which  the  basic 
element  perhaps  predominates,  tlie  homblendic  variety  being  for 
the  most  part  in  excess  of  the  more  acid  types.  Here  are  also 
many  bands  and  lenticles  of  basic  and  ultra-basic  material,  most  of 
which  must  be  regarded  as  forming  part  of  the  fundamental 
complex. 

The  later  intrusions  of  acid  material,  which  form  so  large  a 
portion  of  the  rocks  in  this  section,  have  been  already  referred  to 
in  the  general  account  of  the  rocks  of  this  area  (p  105).  A  typical 
example  of  the  fine-grained  biotite-granite  intrusions  of  Loch 
Laxford  type,  which  can  be  seen  immediately  south  from  the  Ferry 
slip,  forms  a  belt  several  feet  in  breadth,  including  bands  of  basic 
material  and  seams  of  dark  mica  that  may  have  been  portions  of 
the  original  complex  invaded  by  the  granite.  Pegmatite  intrusions 
are  also  fairly  numerous  in  this  part  of  the  section,  though  not  so 
abundant  as  further  north.  The  knots  and  thin  veins  of  this  rock 
are  often  sheathed  with  black  mica,  sometimes  accompanied  by 
dark  hornblende  in  large  crystals.  Knots  of  these  two  minerals 
also  occur  within  the  pegmatite  veins.  The  stream  that  falls  into  the 
Kyle  I  mile  north-west  of  the  Ferry  House  has  cut  a  deep  ravine 
between  the  road  and  the  sea.  On  the  north  bank  of  this  gully, 
a  short  distance  below  the  bridge,  a  lenticular  mass  of  ultra-basic 
rock  surrounded  by  granite  material  is  well  exposed. 

The  centre  of  this  mass  is  composed  of  very  dark  hornblende, 
with  bands  of  coarsely  crystalline  hornblende  and  mica ;  the  edges 
consist  of  soft,  decomposing,  green  hornblende  and  actinolite, 
with  black  mica  and  a  talcose  mineral.  The  rocks  in  the  deep 
cove  at  the  mouth  of  this  stream,  and  for  some  little  distance 
northwards  of  it,  are  much  disturbed,  reddened,  and  decomposed, 
being  probably  affected  by  the  proximity  of  the  Keoldale  fault, 
which,  immediately  to  the  north,  throws  down  the  Cambrian 
quartzite. 

On  the  further  side  of  the  Cambrian  outlier  the  rocks  are  to  a 
very  large  extent  made  up  of  later  intrusive  material,  mostly  in 
the  form  of  pegmatite,  which  reaches  its  maximum  development 
immediately  south  of  Port  Odhar.  Many  of  the  thin  bands  of  fine- 
grained granite  here  show  a  linear  structure  parallel  to  the  sides  of 
the  bands,  due  to  the  presence  of  thin  parallel  veins  of  pegmatite. 
About  halfway  between  Dail  and  Port  Odhar  one  or  two  thin 
granite  dykes  appear  which  difier  somewhat  in  composition  from 
the  ordinary  biotite  granites  of  the  area.  A  specimen  (8507)  t 
from  one  of  them  is  described  by  Mr.  Teall  as  closely  allied  to  one 

f  Numbers   within  brackets  in  the  description    of    rocks  refer    to    the 
collection  of  microscopic  slides  made  by  the  Geological  Survey. 
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type  of  the  Laxford  granites,  and  is  found  under  the  microscope 
to  be  composed  of  microcline,  biotite,  hornblende,  and  quartz,  with 
sphene  and  apatite  as  important  accessories.  The  rock  is  remark- 
able for  the  large  amount  of  microcline  and  sphene  present  in  it. 
The  rocks  of  the  original  complex  in  this  part  of  the  coast-section 
are  similar  in  general  character  to  those  at  the  Ferry.  Bands  and 
knots  of  basic  and  ultra-basic  material  are  largely  developed  to 
the  south  of  the  old  landing  slip  1^  mile  north  of  Dail.  Com- 
pressed vertical  folding  of  the  Cape  type  is  characteristic  of  this 
part  of  the  section,  but  at  Port  Odhar  the  rocks  are  thrown  into 
flattened  isoclinal  folds. 

Beinn  an  Amair. — Gneisses  referable  to  the  fundamental  complex, 
and  all  in  the  granular  or  coarsely  granulitic  stage,  make  up  the 
greater  proportion  of  the  rocks  on  this  mountain.  The  basic 
portions  which  form  the  smaller  part  of  this  mass  consist  of  horn- 
blende-gneiss and  homblendite.  An  ultra-basic  rock,  of  which  a 
talcose  mineral  forms  the  chief  constituent,  may  also  be  seen  about 
200  yards  south  of  the  summit-cairn.  The  acid  rocks  are  chiefly 
biotite-gneisses,  but  often  contain  more  or  less  hornblende  and 
pass  into  hornblende  gneisses,  especially  near  their  junction  with 
more  basic  bands.  The  folding,  for  the  most  part  of  the  isoclinal 
type  about  axial  planes  inclined  at  a  high  angle  to  the  horizon, 
is  often  very  sharp,  though  the  folds  are  of  no  great  depth. 

In  addition  to  the  homblendic  gneisses  of  the  original  complex, 
certain  narrow  belts  of  similar  rock  may  be,  like  others  described 
in  previous  pages,  later  intrusions.  Three  of  these  dyke-like 
bands,  having  an  E.S.E.-W.N.W.  trend,  occur  within  a  distance  of 
400  yards  from  the  top  of  the  hill  in  a  N.N. E.  direction.  Another 
band,  probably  a  continuation  of  one  of  them,  can  be  seen  about 
500  yards  N.N.W.  from  the  same  point. 

Granite  and  pegmatite  veins  are  not  so  numerous  on  Beinn  an 
Amair  as  along  the  shore  of  the  Kyle  of  Durness.  The  granite 
occurs  for  the  most  part  in  distinct  dykes  from  2  feet  to  20  yards 
in  breadth,  trending  more  or  less  in  the  direction  of  the  foliation, 
but  cutting  obliquely  across  the  banding  and  foliation-planes 
of  the  gneiss,  and  also  transgressing  the  dyke-like  basic  masses. 
Good  examples  of  this  transgression  may  be  seen  in  many  places 
on  the  hill,  the  best  being  exposed  on  a  bare  ridge  above  half  a 
mile  to  the  N.N.W.  of  the  top. 

At  the  eastern  end  of  this  mountain  mass,  where  the  waters  of 
the  Kyle  of  Durness  have  laid  bare  a  fine  continuous  section  along 
the  shore,  the  veins  of  granite  and  pegmatite  are  so  numerous  as 
almost  to  exclude  the  rocks  of  the  original  complex.  What  is 
seen  of  the  older  gneisses  appears  to  be  coarser  in  grain  than  where 
the  granites  are  not  so  prevalent;  while  there  is  a  greater 
preponderance  of  hornblendic  gneiss  than  on  the  summit  or  higher 
slopes  of  Beinn  an  Amair. 

Beinn  a'  BhacaidJi. — The  eastern  half  of  Beinn  a'  Bhacaidh,  the 
hill  immediately  south-west  of  Beinn  an  Amair,  is  occupied  bv 
Cambrian  and  Torridonian  strata ;  but  rocks  of  Lewisian  age  rise 
in  a  more  or  less  continuous  bare  ridge  along  its  western  face.  The 
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veins  of  granite  and  pegmatite,  which  here  make  up  the  greater 
proportion  of  the  rock,  strike  across  this  ridge  in  sharp  contrast 
with  the  darker  gneiss  into  which  they  are  intruded,  giving  to  the 
whole  hill-face  a  peculiarly  striped  or  brindled  appearance  when 
viewed  from  a  distance.  The  gneisses  of  the  original  complex, 
though  perhaps  a  little  coarser  in  grain,  are  in  much  the  same 
condition  as  those  of  Beinn  an  Amair. 

North  of  the  small  lochan  that  lies  high  up  on  the  mountain- 
side, the  biotite-gneiss  is  in  excess  over  the  more  basic  type  ;  but 
to  the  south  of  it  large  masses  of  homblendic  gneiss  appear,  in 
some  places,  almost  to  the  exclusion  of  the  acid  gneiss.  These 
basic  masses  seem  to  be  the  eastern  extension  of  similar  rocks 
which  rise  on  the  ridge  south  of  Fasbheinn,  on  the  further  side  of  a 
peaty  and  drift-filled  hollow,  through  which  they  cannot  be  traced. 
The  dip  of  the  foliation  planes  is  more  irregular  than  on  Beinn 
Amair,  and  alternates  between  north-east  and  south-west.  About 
600  yards  N.N.E.  of  the  above-mentioned  lochan  a  dyke-like  mass 
of  hornblende  gneiss  shows  a  finer  grain  near  its  edges  than  at  the 
centre. 

The  most  conspicuous  feature  on  the  ridge  south  of  Fasbheinn 
just  referred  to,  is  the  great  preponderance  of  basic  homblendic 
gneiss  over  the  acid  portion  of  the  original  complex.  Masses  of 
homblendic  gneiss  with  bands  of  purer  hornblende-rock  form  the 
greater  part  of  the  ridge,  almost  to  the  exclusion  of  the  more  acid 
gneiss.  Where  the  acid  and  basic  bands  alternate,  as  they  do  near 
the  south-east  comer  of  Loch  na  Gainmhich,  rapid  overfolding, 
similar  to  that  observed  elsewhere  in  the  region,  is  well  displayed. 
The  gneisses  are  cut  by  massive  bands  of  granite  and  innumerable 
veins  of  pegmatite,  but  not  to  such  an  extent  as  on  Beinn 
a'  Bhacaidh. 

To  the  south  of  Loch  na  Gainmhich  the  basic  and  acid 
materials  of  the  original  complex  are  more  evenly  distributed,  and 
the  gneiss  is  consequently  banded  or  flaggy.  Hence  from  the 
comparative  scarcity  of  granite  and  pegmatite  veins,  the  folding  it 
remarkably  well  seen  in  this  region.  As  the  result  of  the  constant 
repetition  of  the  bands  by  folding  upon  vertical  or  highly-inclined 
axes  a  vertical  or  highly-inclined  foliation  has  been  produced,  while 
the  individual  bands  of  the  gneiss  can  be  traced  as  horizontal  or 
gently-inclined  layers.  As  the  granites  and  pegmatites  often 
follow  certain  of  these  layers  in  preference  to  others,  their  outcrops 
are  apt  to  resemble  those  of  sills  intruded  among  gently-inclined 
strata.  This  effect  is  more  particularly  seen  in  the  manner  in 
which  they  cap  the  summits,  and  partially  or  wholly  encircle  the 
slopes  of  the  low  hills  south-west  of  Loch  Gainmhich.  A  similar 
disposition  of  the  pegmatite  veins,  accompanying  rapid  folding,  is 
to  be  observed  in  the  area  immediately  north  of  the  mouth  of  Loch 
Sandwood  and  in  the  small  Lewisian  inlier  on  Cnoc  Poll  Mhurain. 
about  a  mile  north  of  Sheigra. 

Much  of  the  central  region  south  of  Fasbheinn  is  obscured  by 
peat  and  drift,  the  rocks  being  laid  bare  only  on  the  hill-tops,  and 
here  and  there  along  the  streams.  On  the  north  side  of  Maol 
u 
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Meallach  Mdr  coarse  homblendic  gneisses  enter  largely  into  the 
original  complex  as  on  the  hills  to  the  north.  Veins  of  granite 
and  pegmatite  abound,  and  sometimes  show  conspicuous  graphic 
arrangement  of  the  quartz  and  felspar. 

The  Amhainn  na  Buaigheal  Duibhe,  4^  miles  south-west  of 
Durness,  aflfords  a  good  section  for  two  miles  above  its  mouth, 
showing  highly  corrugated  hornblende  and  biotite-gneisses  cut  by 
innumerable  granite  and  pegmatite-veins.  Just  above  high-water 
mark  a  fine  example  of  the  intrusion  of  pegmatite  along  the  weak 
limb  of  a  fold  can  be  observed. 

A'  Ghlasbheinn. — The  rocks  on  this  mountain  are  much  decom- 
posed and  pervaded  with  lines  of  crush  and  fault,  along  which  they 
are  stained  with  haematite.  A  little  to  the  north  of  the  lochan  on 
the  summit  a  green  hornblendic  gneiss  contains  knots  of 
radiating  actinolite  surrounded  by  mica.  At  a  point  about  200 
yards  north  of  this  lochan  the  felspar  of  the  pegmatites  has  been 
altered  into  agalmatolite.  As  this  form  of  decomposition,  as  ali'eady 
stated,  prevails  characteristically  round  the  margin  of  the  Cambrian 
quartzite  in  the  Loch  Eireboll  region,  the  inference  seems  pro- 
bable that  the  top  of  A*  Ghlasbheinn  has  but  recently  been  denuded 
of  its  Cambrian  covering.  In  fact,  owing  probably  to  the  recent 
I'emoval  of  the  Torridoniaii  and  Cambrian  strata,  and  the  rotten 
state  of  the  surface  of  older  rocks  over  which  they  were  deposited, 
it  is  not  now  possible  to  obtain  an  accurate  knowledge  of  the 
unweathered  condition  of  the  Lewisian  rocks  over  much  of  the 
area  under  consideration.  Such  is  the  case  over  most  of  the 
narrow  belt  of  gneiss  which  extends  north-eastwards  from 
An  Socach,  3^  miles  north  of  Rhiconich.  On  the  northern  slopes 
of  that  hill  large  masses  of  hornblende-gneiss  appear  to  form  part 
of  the  original  complex,  since  they  are  associated  with  veins  of 
quartzo-felspathic  material  distinct  from  the  later  granite  and 
pegmatite  intrusions. 

The  ground  along  the  north  side  of  Loch  Inchard,  and  between 
Rhiconich  and  the  slopes  of  Foinnebheinn,  has  not  been  revisited 
since  it  was  examined  in  the  early  da3\s  of  the  Survey  of  the  North- 
West  Highlands,  when  but  little  was  known  as  to  the  nature  of  the 
Lewisian  gneiss.  It  has  therefore  been  thought  better  not  to 
attempt  here  any  detailed  description  of  the  rocks  in  those  areas. 

BisjCKmd  to  Strath  Dimiard.  From  the  shore  between  Rispond 
and  Ceannabeinne  west  of  Loch  Eireboll,  a  belt  of  Lewisian  gneiss 
about  two  miles  in  breadth  extends  southwards  for  a  distance  of 
ten  miles  to  Strath  Dionard.  On  the  west  it  is  bounded  by  the 
normal  fault  which  throws  down  the  Cambrian  basin  of  Durness, 
and  on  the  east  it  is  overlain  unconformablv  bv  the  Cambrian 
quartzite  of  Loch  Eireboll. 

The  rocks  along  this  belt  are  the  south-eastern  prolongations  of 
those  already  described  that  lie  to  the  west  of  the  Kyle  of  Durness. 
Apart  from  the  later  intrusions  of  granite  and  pegmatite  of  pre- 
Torridoniau  age,  the  members  of  the  complex,  which  are  well 
exposed  in  the  above  sections  between  Rispond  and  Ceannabeinne, 
comprise  early  basic  knots  and  lenticles  consisting  of  hornblende- 
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gneiss  or  homblende-biotite-gneiss,  enclosed  within  more  acid 
material  which,  containing  abundant  quartz  and  felspar,  may  be 
described  as  biotite-gneiss.  Sometimes  there  appears  to  be  a 
gradation  from  the  one  type  to  the  other.  The  rocks  are  granular, 
and  are  characterised  by  short  crystallisation.  The  members  of 
the  complex  are  arranged  in  well-defined  parallel  bands  that  have 
been  folded  on  vertical  or  highly-inclined  axial  planes,  which 
strike  north-west  and  south-east.  Striping  is  well  seen  on  many 
of  the  nearly  vertical  faces,  and  particularly  on  the  sea-clifi*  north- 
east of  Ceannabeinne  House,  where  the  hornblende  and  biotite- 
gneisses  in  thki  bands  are  rapidly  plicated  in  moderately  deep 
folds.  There  they  dip  to  the  north-east  at  84°,  and  on  one  of 
these  surfaces  this  lineation  is  inclined  to  the  north-west  at  high 
angles. 

These  rocks  are  traversed  by  numerous  veins,  sills,  and  dykes  of 
pink  granite  and  pegmatite,  the  former  containing  oligoclase, 
microcline,  quartz,  biotite,  and  rarely  muscovite.  These  later  acid 
intrusions  are  more  or  less  parallel  with  the  strike  of  the  granular 
gneisses  and  seem  to  be  introduced  in  many  places  along  the 
weak  limbs  of  folds.  Many  of  the  granite  sills  and  dykes  show  an 
orientation  of  the  micas  parallel  to  their  margins ;  indeed,  in  some 
localities  along  the  belt  to  Strath  Dionard,  the  foliation  is  so  marked 
that  they  resemble  the  older  biotite  gneisses  of  the  complex.  At 
Rispond,  however,  their  intrusive  character  is  apparent.  The  peg- 
matites traverse  the  granite-sills  and  do  not  show  a  similar 
orientation  of  the  micas,  but  frequently  an  appearance  of  coarse 
mineral-banding.  Dr.  Heddle  described  a  vein  of  graphic  granite 
belonging  to  this  series  that  occurs  on  the  north  shore  of  Rispond 
harbour,  and  displays  a  fine  development  of  microcline  and  oligo- 
clase, and  contains  also  Haughtonite  and  magnetite.*  The  same 
mineralogist  called  attention  to  the  fact  that  in  the  Lewisian 
gneiss  between  Rispond  and  Beinn  Ceannabeinne,  agalmatolite 
surrounds  the  crystalline  portions  of  the  felspar,  which  he  attri- 
buted to  a  change  of  the  oligoclase. t  This  type  of  decomposition,  as 
above  referred  to,  has  been  found  by  the  Geological  Sun^ey  to  be 
characteristic  of  the  surface  of  the  old  gneiss  platform  where  it 
has  been  covered  by  the  Cambrian  quartz ite. 

At  the  head  of  Loch  Eireboll  and  at  the  base  of  the  eastern 
slopes  of  Beinn  Spionuaidh  and  Crann  Stacach  the  Lewisian 
gneiss  has  been  laid  bare  near  Polla  by  the  denudation  of  the  over- 
lying thin  cake  of  Cambrian  quartzite.  There  the  members  of  the 
complex  have  the  same  north-west  strike.  An  exceptional  type 
of  rock  is  found  in  this  inlier,  essentially  composed  of  microcline, 
green  pyroxene,  hornblende,  quartz,  and  other  constituents.  (See 
the  section  on  Petrography,  Chap.  IV.  II.  A  3.) 

Within  the  belt  affected  by  the  post-Cambrian  movements  on 
the  east  side  of  Loch  Eireboll  various  detached  masses  of 
Lewisian  gneiss  occur,  most  of  which  lie  to  the  west  of  the  out- 

*  Mineralog.  Mag.j  vol.  IV.,  p.  224. 
t  Ibid,,  p.  216. 
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crop  of  the  Moine  thrust-plane.  Their  relations  to  the  Cambrian 
strata  will  be  described  in  Part  IV.,  only  a  brief  reference  being 
here  made  to  their  petrographical  characters.  The  proofs  that  these 
detached  masses  really  belong  to  the  Lewisian  gneiss  have  been 
already  summarily  stated  in  this  volume  in  the  section  on 
Previous  Literature. 

In  the  small  areas  stretching  south  from  Whitten  Head  (Ceann 
Greal  MOr)  towards  Freasgeal,  the  rocks  consist  of  dark  homblendic 
gneiss,  traversed  by  innumerable  veins  of  granite  and  pegmatite, 
which  are  well  seen  on  the  norbhem  sea-cliffs.  Though  the  rocks 
are  crushed  in  places  they  show  their  old  structures,  but  their 
general  strike,  v.-ith  some  exceptions,  is  approximately  north  and 
south.  The  masses  that  run  south  from  Inverhope  by  Hope 
Ferry  to  Ben  Poll  Ath-roinn  (locally  known  as  Ben  Amaboll)  are 
composed  of  homblendic  and  micaceous  gneisses  of  the  Cape 
Wrath  types,  intersected  by  veins  and  irregular  masses  of  pink 
granite  and  pegmatite,  the  prevailing  strike  being  in  a  north-east 
direction.  Similar  rocks  appear  on  Creag  na  Faoilinn  and  Creag 
Earail  beyond  the  head  of  Loch  Eireboll.  In  these  various  areas 
the  gneiss  is  traversed  by  numerous  shear-planes,  whereby  the  acid 
and  basic  materials  have  been  sheared  and  mylonised. 

Above  the  Moine  thrust-plane  an  important  band  of  recon- 
structed gneiss  has  been  traced  from  the  west  slope  of  Beinn 
Thutaig  south-west  to  Loch  Hope  and  onwards  to  Meall  a'  Bhaid 
Tharsuinn.  The  rocks  in  this  band  dip  to  the  south-east  and  have 
common  foliation  planes  with  the  overlying  Moine-schists.  This 
zone  and  the  faulted  portions  of  the  same  mass  in  Sango  Bay  and 
at  Fair-aird  Head  contain  the  type  which  has  been  described  by 
Dr.  Teall  as  zoisite  gneiss. 

DISTRICT   BETWEEN    LOCH    INCIIARD   AND   LOCH    LAXFORD.* 

The  rocks  in  this  peninsula  resemble  generally  those  above 
described  in  the  ground  to  the  north-east.  The  biotite  and  horn- 
blende-gneisses which  are  regarded  as  part  of  the  fundamental 
complex  possess  a  granular  rather  than  a  granulitic  structure.  It 
is  doubtful  whether  they  include  any  pyroxene  gneisses.  They 
are  associated  with  bands  of  hornblende-schist  or  dark  hornblende- 
gneiss,  which,  in  some  places,  behave  like  dykes,  and  in  others, 
like  parts  of  the  early  complex ;  hence  it  is  uncertain  whether 
they  represent  dykes  of  the  "  Scourie  type."  Granitic  gneisses  of 
intrusive  origin,  and  pegmatites  in  which  microcline  is  the 
predominant  felspar,  are  very  abundant.  In  the  pale  gneisses  of 
the  fundamental  complex  there  is  frequently  a  second  foliation 
parallel  to  that  of  the  later  granite  gneisses,  from  which  it  may  be 
inferred  that  the  characters  of  many  of  the  early  gneisses  have 
been  modified  since  the  intrusion  of  the  granitic  bands. 

In  the  tract  now  to  be  described  the  arrangement  of  the  rocks 

*  By  C.  T.  Clough. 
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difiers  considerably  from  that  in  the  area  further  south — the  north- 
eastern portion  of  the  district  extending  from  Laxford  to  Kylesku. 
In  this  portion  the  gneisses  have  a  W.N.W.  strike,  with  the  limbs 
of  fold  and  second  foliation-planes  dipping  steeply  S.S.W.,  while 
in  the  Laxford  and  Loch  Inchard  area  it  is  only  in  the  south-west 
half  that  a  W.N.W.  strike  and  S.S.W.  dip  prevail,  and  in  the 
north-east  part  both  strike  and  dip  are  variable,  and  the  first 
foliation  planes  are  sometimes  flat. 

UUrorbasic  and  Basic  Roclcs  of  the  Fundame^iial  Complex, — 
Examples  of  this  group  are  to  be  found  at  the  following  locali- 
ties : — About  §  mile  slightly  west  of  south  of  Cnoc  na  h-Ula, 
between  Rhiconich  and  Loch  Laxford,  a  rock  consisting  chiefly 
of  crystals  of  black  hornblende  and  biotite  extends  about  a 
hundred  yards  parallel  to  the  strike  of  the  neighbouring  gneisses, 
the  greatest  breadth  being  about  twenty  yards.  A  smaller 
exposure  of  a  similar  type  is  seen  nearly  ^  mile  south  of  that  hill. 
Another  variety,  consisting  chiefly  of  large  flakes  of  black  biotite, 
traceable  for  at  least  a  hun»lred  yards,  occurs  rather  more  than  \ 
mile  slightly  north  of  west  of  the  south  end  of  Loch-na-Claise 
luchairich. 

Thin  bands  consisting  chiefly  of  biotite,  or  biotite  and  horn- 
blende, with  small  lumps  and  streaks  of  quartz  and  felspar 
resembling  pegmatites,  are  common,  which  give  rise  to  depressions 
and,  in  many  cases,  have  formed  lines  of  weakness,  along  which 
movement  has  taken  place.  The  displacement  has  contorted  the 
biotite-flakes  along  axial  planes,  which,  in  any  one  locality,  all 
hade  in  one  direction.  Quartz  veins  and  thin  seams  of  gneiss 
sometimes  occur  in  the  bands,  and  are  sharply  contorted,  though 
the  gneisses  above  and  below  the  bands  are  not  affected.  From 
the  trend  of  the  axial  planes  exposed  about  ^  mile  north  of  the 
north-west  end  of  Caol  Loch  a'  Mhin  Ath — a  point  two  miles 
south-east  of  Laxford  Bridge — it  may  be  inferred  that  the  gneiss 
on  the  south-west  side  has  been  moved  in  a  north-west  direction. 
The  proportion  of  biotite  is  sometimes  greater  near  the  margins  of 
the  bands  than  in  the  middle,  and  it  seems  possible  that  this 
mineral  has  been  produced  during  the  movements.  In  some  places 
biotite  is  also  common  in  thin  streaks  which  traverse  the  more 
homblendic  parts,  and  which  perhaps  represent  lines  of  movement. 

Those  basic  rocks  which  can  be  referred  with  confidence  to  the 
early  complex  form  irregular  outcrops  or  eye-shaped  lumps 
varying  in  diameter  from  an  inch  to  more  than  a  hundred  yards. 
They  occupy  a  large  part  of  the  ground  at  the  following'  localities  : 
between  Loch  Crdcach  and  Loch  Ceum  na  Staidhreach,  between 
Loch  Inchard  and  Ijoch.  Mor  Ceann  na  Saile,  near  the  head  of  Loch 
a'  Chathaidh,  near  Lochain  na  Creige  Gile,  one  mile  north  of  Loch 
Stack  Lodge,  and  between  the  head  of  Loch  a'  Gharbh  Bhaid  Mhoir 
and  Ben  Arkle.  In  the  coast  section  and  inland  cliffs,  basic  lenticles, 
several  yards  broad,  are  frequently  enclosed  by  bands  of  paler 
gneiss,  which  become  thinner  just  above  or  below  the  eye-shaped 
masses,  so  that  the  usual  strike  and  dip  are  soon  regained.  Strings 
and  irregular  bands  of  pale  gneiss  traverse  the  early  basic  rocks,  as 
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for  instance  about  1^  miles  slightly  north  of  west  of  the  head  of 
Loch  a'  Gharbh  Bhaid  Mhdir,  and  250  yards  north  of  Loch 
Eileanach  (two  miles  north  of  Loch  Stack).  In  the  former  locality 
there  are  many  dark  inclusions  in  the  pale  gneiss,  which  were 
probably  derived  from  a  contiguous  basic  patch. 

Some  basic  masses  show  no  clear  foliation  or  banding,  and  the 
white  constituents  are  aggregated  in  small  round  spots,  often  about 
\  inch  long ;  where  apparent,  it  is  usually  but  not  always  parallel  to 
the  margin.  Occasionally  garnets  are  abundant,  and  are  generally 
of  a  port  wine  colour  and  without  distinct  idiomorphism.  This 
mineral  often  occurs  in  small  spherical  aggregates  mixed  with 
granules  of  felspar  and  surrounded  by  a  thin  rim  of  similar 
granules.  The  aggregates  are  not  usually  more  than  ^  inch  long, 
but  are  sometimes  so  abundant  as  to  form  half  the  rock-mass. 

Homhlende-gneiss. — ^The  varieties  of  this  rock,  near  and  south  of 
Loch  Inchard,  which  have  been  examined  under  the  microscope, 
are  all  referable  to  Group  III.,  B.  1  (hornblende-gneiss  proper),  in 
which  the  hornblende  is  of  a  compact  type  and  the  structure 
granular.  Most  of  the  pale  bands  certainly  belong  to  the  early 
complex.  These,  together  with  thin  alternating  zones  of  biotite- 
gneiss,  form  a  large  part  of  the  coast  between  Eilean  na  Saille  and 
Rudh'  a  Cheathraimh  Ghairbh  north  of  Loch  Laxford,  and  on  the 
south-west  side  of  Loch  Inchard.  Nearly  the  whole  of  the  dark 
folia  in  the  rock  are  formed  of  hornblende  prisms,  which  are 
sometimes  more  than  half  an  inch  long  and  nearly  as  bix)ad.  The 
quartz  is  colourless  and  translucent,  the  felspar  pale  grey  or  pink. 
Some  bands  on  the  north-east  side  of  the  river  Laxford,  300  yards 
below  the  bridge,  and  in  other  places,  contain  many  grains  and 
small  crystals  of  yellow  epidote.  The  hornblende  and  other 
minerals  are  fresh,  and  the  epidote  appears  to  be  original.  In  an 
exposure  of  gneiss  200  yards  north-east  of  Cnoc  Glac  na  Staime, 
about  300  yards  east  of  Lochan  na  Cloiche,  three  miles  west  of 
Rhiconich,  enclosed  lumps  about  a  yard  long  consist  chiefly  of 
epidote.  On  the  top  of  Cnoc  na  h-Ula  somewhat  similar  small 
knots,  embedded  in  a  grey  gneiss,  are  composed  of  epidote  and 
scapolite. 

Biotite-gneiss. — Only  three  of  the  gneisses  with  biotite  in  excess 
of  hornblende,  in  the  area  south  of  Loch  Inchard,  have  been 
examined  under  the  microscope.  Two  of  these,  one  (2987)  from 
the  roadside  north  of  Laxford,  the  other  (3238)  from  a  mile  and 
300  yards  E.N.E.  of  Laxford  Bridge,  possess  a  granular  structure, 
and  in  the  third  (3478)  from  the  roadside  a  mile  north-west  of 
Laxford  Bridge,  the  structure  is  partially  granuHtic.  The  gneisses 
of  this  group  frequently  contain  small  knots  and  lenticles,  com- 
posed chiefly  of  hornblende.  Their  colour  is  generally  pale,  and 
the  biotite  is  less  in  proportion  than  the  hornblende  in  the  horn- 
blende-gneiss.    Biotite  rarely  forms  broad  streaks. 

A  broad  zone  containing  a  large  pro])ortion  of  massive  biotite- 
gneiss  appears  a  little  south  of  Loch  Poll  na  Bk  Baine,  1^  mile 
west  of  Rhiconich,  and  can  be  followed  over  Cnoc  an  Daimh  to  the 
coast  south  of  Bagh  Loch  an  R6in.     Some  parts  are  so  massive 
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that  perhaps  in  hand-specimens  they  might  be  taken  for  nnfoliated 
granite.  But  a  foliation  with  a  prevalent  S.S.W.  dip  at  high 
angles  is  generally  clear,  and  certain  bands  in  the  zone  are 
folded  into  isoclines  with  limbs  dipping  S.S.W. 

Large  areas  consisting  chiefly  of  biotite-gneiss  occur  between 
Loch  Sgeir  a'  Ghadha  and  Loch  na  Caillich,  south  and  south-east 
of  Loch  na  h-Ula,  south-west  of  Rhiconich,  and  on  the  east  and 
south  sides  of  the  head  of  Loch  a'  Gharbh  Bhaid  Mhoir,  2\  miles 
E.N.E.  of  lAxford  Bridge,  where  the  first  foliation  or  bi'oad 
banding  is  sometimes  poorly  developed,  and  the  rock  has  a 
granitic  aspect.  Lenticles,  consisting  chiefly  of  hornblende  and 
biotite,  and  swathed  round  by  the  first  foliation  planes  of  the 
gneiss,  are  abundant  in  places.  In  other  localities  there  is  an 
appearance  resembling  false-bedding,  the  minor  laminsd  in  certain 
iM^nds  being  disposed  in  waves,  while  those  above  and  below  are 
even  and  parallel  to  one  another. 

Baj^  l}yke8. — Bands  of  hornblende-schist  which  may  possibly 
represent  dykes  are  often  difficult  to  trace,  being  frequently 
traversed  by  pegmatites  and  granite  gneisses.  They  have  no 
general  north-west  direction  like  the  well-marked  dykes  near 
Scourie.  Where  the  gneiss  strikes  north-west  their  trend  is 
almost  the  same,  but  elsewhere  it  is  different.  A  little  west 
of  Loch  a'  Ghairbh  Bhaid  Mhoir  several  bands  strike  north- 
east, and  between  Cnoc  Gomi  Mor  and  Loch  Crocach  a  band 
runs  nearly  north  and  south  for  half  a  mile.  It  is  probable, 
therefore,  that  if  these  hornblende-schists  represent  basic  dykes, 
they  have  been  twisted  since  their  intrusion.  Some  of  them 
cut  the  adjacent  gneiss  in  places,  while  not  far  off*  there  are  no 
indications  of  intrusion.  These  schists  are  often  interrupted  so  as 
to  form  lenticular  strips  which  seem  surrounded  by  the  gneiss, 
thus  recalling  the  broken  parts  of  certain  "  Scourie  dykes,"  which 
are  crossed  by  thrusts ;  but  in  most  cases  no  such  displacements 
can  be  observed.  If  the  strips  represent  portions  of  dykes,  the 
conditions  prevailing  in  this  area  at,  or  subsequently  to,  the  time 
of  intrusion  must  have  differed  widely  from  those  further  south,  for 
the  thrusts  truncating  the  intrusions  have  produced  no  recognisable 
change  in  the  surrounding  rocks. 

As  certain  dykes  of  granite-gneiss  have  been  continuously 
traced  for  several  miles  across  the  area  in  nearly  straight  paths,  it 
follows  that,  if  the  strips  of  hornblende-schist  represent  portions 
of  dykes  broken  by  thrusts,  these  displacements  must  be  earlier 
than  the  granite  gneiss.  Yet  in  the  district  south  of  Laxford 
several  granite  gneiss  intrusions  pierce  the  Scourie  dykes,  and 
both  possess  a  common  foliation. 

Lithologically  these  schists  differ  somewhat  from  those  usually 
composing  the  basic  dykes  in  the  Laxford  and  Loch  a'  Chaim 
Bliain  area.  They  are  less  fissile  and  schistose,  and  contain  horn- 
blendes of  stouter  form.  They  are  more  fine-grained  than  many 
of  the  hornblende  schists  of  the  early  complex,  and  their  com- 
position is  more  uniform.  The  foliation  frequently  crosses  the 
margins  of  the  bands,  and   is  parallel   to  that  in  the  gneiss — a 
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phenomenon  common  both  in  the  early  basic  rocks  and  in  the 
*'  Scourie  dykes."  In  some  places  a  linear  foliation  or  rod- 
structure  replaces  the  plane-parallel  foliation.  Garnets  are  usually 
common,  and  frequently  occur  in  small  aggregates  surrounded  by 
a  thin  white  rim  of  felspar  granules.  One  of  the  doubtful  bands 
half  a  mile  slightly  north  of  east*  of  Badcal!  Quay,  Loch  Laxford, 
contains  hypersthene  and  augite  as  well  as  quartz  (4478),  and  is 
classed  as  a  pyi'oxene  gneiss,  but  the  quartz  is  not  opalescent  like 
that  in  the  pyroxene  gneiss  near  Scourie. 

The  cliffs  by  the  road  east  and  north-east  of  Badcall  Quay  show 
several  dyke-like  bands,  most  of  which  are  only  a  few  feet  thick. 
One,  about  200  yards  east  of  the  store-house,  cuts  the  foliation  of 
a  pale  hornblende  gneiss  almost  at  right  angles.  The  foliation  in 
the  gneiss  dips  S.S.W.  at  a  low  angle,  while  the  sides  of  the  dyke- 
like band  usually  dip  steeply  N.N.E.,  but  become  irregular  near  the 
top  of  the  section. 

Later  Oranite-yiieiss. — Over  the  area  between  Loch  Inchard  and 
Loch  Laxford  the  granite  gneisses  are  less  abundant  than  south- 
west of  the  latter  loch.  They  increase,  however,  from  north-east 
to  south-west,  and  from  north-west  to  south-east,  until  between 
Loch  Stack  and  Ben  Arkle  they  are  specially  abundant  over  an 
area  of  about  two  square  miles.  These  rocks  appear  both  as  dykes 
and  sills,  and  are  not  all  of  the  same  age,  some  of  the  former 
being  later  than  some  of  the  latter.  Indeed,  it  is  probable  that 
all  the  granite  dykes  were  not  intruded  at  the  same  time. 

Most  of  these  gneisses  or  foliated  granites  are  of  a  pale  pink 
colour,  and  contain  small  flakes  of  black  biotite  parallel  to  one 
another  and  to  the  thin  quartz  streaks  which  help  to  define  the 
foliation.  In  some  thick  bands  between  Loch  Stack  and  Loch  an 
Fhionn  Leathaid  there  is  some  hornblende  as  well  as  biotite. 
Small  grains  of  magnetite  or  ilmenite  are  also  occasionally 
observed.  The  predominant  felspars  in  these  rocks  are  oligoclase 
and  microcline. 

Most  of  the  bands  are  distinctly  foliated  throughout.  In  some 
places  the  foliation  crosses  the  margins  and  is  continuous  \y\\h  the 
second  foliation  in  the  earlier  gneisses  ;  but  usually,  both  in  dykes 
and  sills,  it  is  parallel  to  the  sides. 

The  sills  are  specially  abundant  W.N.W.  of  Loch  Stack,  where 
the  largest  examples  occur,  one  on  the  north  side  of  that  loch 
being  at  least  160  yards  wide.  The  thick  sills  are  generally 
coarsest  in  grain,  and  usually  contain  many  thin  pegmatites,  about 
half  an  inch  thick,  and  parallel  to  the  foliation.  Besides  the 
nearly  vertical  sills  and  dykes  there  are  gently  inclined  sheets,  an 
example  of  which  occurs  about  ^^  mile  W.S.  W.  of  the  head  of  Loch 
an  Tigh  Sheilg,  four  miles  E.N.E.  of  Laxford  Bridge,  where  an 
intrusion  of  granite  gneiss,  with  an  almost  horizontal  base,  cuts 
the  vertical  bands  of  an  earlier  gneiss.  The  foliation  in  this 
intrusive  gneiss  hades  south-west,  striking  against  the  base,  and 
there  is  a  parallel  second  foliation  in  the  earlier  gneiss. 

The  general  direction  of  the  dykes  is  somewhat  north  of  west, 
slightly  nearer  west  than  the  strike  of  the  earlier  gneiss  nearer 
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Laxford,  and  of  the  basic  dykes  on  the  south  side  of  this  loch. 
Some,  however,  strike  east  and  west,  and  a  few  run  north-east. 
One  of  the  W.N.W,  dykea  has  been  traced  from  the  west  slope  of 
Ben  Arkle  to  the  coast  south-east  of  Kilean  Meall  a'  Chaoruinn,  a 
distance  of  nearly  five  miles.  Near  its  south-east  end  the  width 
varies  from  60  to  40  yards,  diminishing  in  a  north-west  direction. 
It  splits  in  two  branches  N.N.E.  of  Badcall  Quay,  and  is  joined  by 
others  of  varying  width  at  different  points.  It  cuts  the  first 
foliation  planes  of  the  adjacent  gneiss  along  the  whole  of  its 
conrse.  About  half  a  mile  E.N.E.  of  Loch  Airidh  a'  Bhaird,  two 
miles  north-east  of  Loch  Stack  Lotlge,  the  foliation  in  the  dyke  ia 
parallel  to  its  margins,  but  the  bands  in  the  earlier  gneiss  on  the 
south  side  are  nearly  flat :  no  second  foliation  in  the  earlier  gneiss 
parallel  to  the  foliation  in  the  dyke  has  here  been  detected.  In 
another  locality,  however,  rather  more  than  half  a  mile  slightly 
east  of  south  of  the  head  of  Loch  a'  Gharbh  Bhaid  Mhdir,  where 
the  broad  bands  of  the  older  gneiss  are  nearly  flat,  a  second 
foliation  has  been  developed  parallel  to  the  side  of  the  dyke  and  its 
planes  of  foliation. 


Fio.  1  (,V)- — Qrnnite-gDeiss  intnieion  above  and  cutting  the  enrljr  boiiding  of 
an  older  gneisti.  The  folintinn  in  thit  granite -gDeiss  ih  parallul  to  the 
second  foliAtiou  in  the  older  gneiss.  Kt  the  Kouth-west  end  of  the 
section  this  second  foliation  coincides  in  direction  with  the  early  banding.  ^ 
A  thiid  of  a  mile  W.8.W.  of  the  head  of  Loch  an  Tigh  .Sheilg. 

In  a  dyke  J-mile  E.N.E.  of  the  south-east  end  of  Caol  Loch  a' 
Mhlu  Ath,  2J  miles  E.S.E.  of  Laxford  Bridge,  the  foliation  is  not 
parallel  to  the  side,  but  almost  in  the  same  direction  as  the  bands 
of  the  earlier  gneiss  which  it  traverses.  In  this  case  the  latter  are 
supposed  to  represent  both  the  first  and  second  foliation  planes. 
Abont  a  third  of  a  mile  south-east  of  the  head  of  Loch  a'  Gharbh 
Dhaid  Mhdir  a  thin  dyke  of  granite  gneiss  cuts  a  bi-oader  sill  of 
the  same  material,  and  is  accompanied  with  a  displacement  of  two 
feet.  The  foliation  in  the  dyke  is  parallel  to  that  in  the  sill  and 
also  to  the  sides  of  the  dyke,  but  at  a  considerable  angle  to  the 
sides  of  the  sill. 

In  a  section  j  mile  E.S.E.  of  the  head  of  Loch  a'  Gharbh  Bhaid 
Mhdir  the  early  gneiss  and  some  thin  foliated  granite  sills  are 
folded,  both  limbs  inclining  suuth-east  at  gentle  angles.  Alike  iu 
these  sills  and  the  early  gneiss  there  is  a  foliation,  almost  parallel 
to  the  axial  planes  of  fold,  which  crosses  the  margins  of  the  sills. 
Hence  it  may  be  inferred  that  the  development  of  these  common 
planes  of  schistosity  was  subsequent  to  the  folding.  It  is 
oncertain  whether  the  granite  dykes  have  been  folded  in  like 
manner. 
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The  rarity  of  thick  pegmatites  in  the  granite  dykes  and  the 
fact  thot  the  latter,  in  some  cases,  cut  the  pegmatites,  suggest  that 
many  of  the  dykes  are  later  than  some  of  the  sills.  For  example, 
by  the  rood  200  yards  south-cast  of  Bodcall  Quay  a  granite-gneiss 
dyke,  about  a  foot  thick,  cuts  three  pegmatites  ;  and  about  1,000 
yanls  S.S.W.  of  the  head  of  Loch  a'  Gharbh  Bhaid  Mhdir,  a  thin 
dyke  foliated  parallel  to  the  side  intersects  several  pegmatites. 

About  200  yards  S.S.B.  of  the 
outlet  of  Loch  a'  Bhlar  Locha, 
and  rather  more  than  )-mile 
north-east  of  the  head  of  Loch 
a'  Gharbh  Bhaid  MhOir,  some 
thin  dykea  of  granite-gneiss 
are  accompanied  with  displace- 
ments which  affect  the  pegma- 
tites, the  dykes  being  foliated 
parallel  to  their  sides,  but  not 
crushed. 

Pe^mfliifesarecomnionevery- 
2  („.)  -Granitegnei*.  dyke  ^^-here  in  the  Usford  district, 
("riS?)^SrjiTr£  -"O  lf<-'fy  .bundant  near  th, 
pegmfttito  has  been  introduced  along  north  end  of  Ben  Arkle.  Ihe 
a  lunb  of  a  fold  The  pegmatite  thickest  bands  occnr  near  that 
showB  no  upprecmble  folmtion  but  mountain,  also  in  the  peninsula 
in  the  gramte-gneisB  dvke  there  «  »  ^^   ^f  Loc^  Dhugaill  (where 

fonation  about  parallel  to  the  sides.  , ,,  „n        j       -ji  \ 

About  1000  yard-s  S.S.W.  ..f  the  some  of  them  are  60  yards  wide), 
head  of  Locha' Gharbh  Bhaid  Mhoir.  and  about  J-mile  S.S.W.  of 
Cnoc  na  h-Ula.  Most  pegma- 
tites ai'e  parallel  to  the  first  foliation  planes  of  the  gneiss,  and 
when  the  latter  ai-e  folded  they  follow  the  fold.  Hence,  in  the 
peninsula  south  of  Loch  Dhugaill.  and  elsewhere  near  Loch 
Laxfoi-d,  the  strike  is  W.N.W.,  while  near  Loch  na  h-Ula,  and 
on  the  east  side  of  the  road  a  mile  S.S.E.  of  Rhiconich  some 
outcrops  are  nearly  circular.     (See  Plates  XV',  and  XVI.) 

A  number  of  pegmatites  behave  like  dykes  and  cut  the  banded 
gneisses  and  honiblendi'  schists.  When  the  pegmatites  are  thin, 
so  that  both  sides  can  be  seen  at  once,  they  sometimes  appear  as 
lini^a  of  fault  though  uncrushed.  as  for  instance  on  the  roadside  a 
little  north-east  of  Badcall  Quay.  Again,  aljout  a  mile  slightly 
west  of  south  of  the  head  of  Loch  an  'I'igli  Slieilg,  N.N.W.  of  Ben 
Arkle,  a  thin  pegmatite  sill  is  crossed  in  a  distance  of  a  few  feet  by 
three  small  pegmatites,  each  hading  south-east  at  ■i5°,  and 
behaving  as  a  reversed  fault  or  thrust.  These  must  have  been 
formed  after  the  sill.  Tli.'fct  the  pegmatites  are  not  al!  of  the  same 
age  is  also  shown  by  the  fact  that  some  ai-e  earlier  than  certain 
intrusions  of  granite  gneiss,  while  others  are  later.  Some  pegmatites 
liave  a  tendency  to  expand  suddenly  here  and  there  into  a  series  of 
lenticles  or  knots  connected  by  narrow  veins,  and  surrounded  by 
attenuated  bands  of  gneiss.  In  some  places  small  lenticles  of 
pegmatite  seem  isolated  in  the  gneiss— a  feature  common  in  rocks 
that  are   unusually  rich   in   black   mica,  the  contrast  in  colour 
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enabling  them  to  be  readily  perceived.  Examples  occur  140  yards 
west  of  the  mouth  of  the  bum  that  drains  Loch  Sgeir  a'  Chadha, 
1^  miles  south-west  of  Bhioonich,  and  near  the  south  end  of  Loch 
Geum  na  Staidhreach,  2J  miles  W.N.W.  of  Rhiconich. 

The  chief  felspar  in  the  pegmatites  is  microcline  of  a  pale  red 
colour.  In  the  crags  nearly  a  mile  E.S.E.  of  the  head  of  Loch  a' 
Gharbh  Bhaid  Mhdir  it  shows  conspicuous  chatoyant  lustre,  and 
some  of  the  cleavage  faces  exceed  a  square  foot  in  area.  Quartz  is 
usually  in  much  smaller  proportion  than  felspar,  but  in  a  few  thin 
bands,  as  for  instance  on  the  east  side  of  Cnoc  an  Budha,  Loch 
Inehard,  it  is  in  excess.  In  a  pegmatite,  three  inches  thick,  near 
the  coast  170  yards  north  of  the  mouth  of  Loch  an  Boin,  the 
exterior  is  composed  almost  wholly  of  felspar  and  the  interior  of 
quartz.  Black  mica  is  more  common  than  white.  In  a  pegmatite 
on  the  coast  350  yards  south  of  Eilean  Dubh,  near  the  entrance 
to  Loch  Inchai*d,  it  forms  large  flakes  two  inches  broad,  which 
coalesce  into  irregular  lumps  and  short  strings. 

Specks  and  streaks  of  black  iron  ore,  apparently  ilmenite,  occur 
in  the  pegmatites  between  half  a  mile  and  a  mile  and  a  quarter 
S.S.E.  of  Cnoc  na  h-Ula,  east  of  Ijoch  Laxford;  also  in  the  pegma- 
tite with  strings  of  black  mica  near  Eilean  Dubh,  and  in  other 
localities. 

Two  pegmatites  displaying  an  arrangement  of  their  constituents 
parallel  to  the  sides  have  been  already  mentioned.  In  others  the 
grain  varies  in  different  bands,  the  marginal  ones  being  in  some 
cases  coarser,  and  in  others  finer,  than  the  middle  layer.  More 
rarely,  as  in  an  instance  on  the  coast  a  little  north-east  of  the 
mouth  of  Loch  an  Boin,  Loch  Inehard,  five  bands  may  be  dis- 
tinguished, each  nearly  parallel  to  the  side. 

Thin  pegmatites  with  a  foliation  crossing  from  side  to  side  have 
been  noted  at  the  top  of  Cnoc  na  Suil  Chruthaiche,  north  side  of 
Loch  Laxford,  and  nearly  \  mile  slightly  south  of  west  of  that 
eminence,  |-mile  slightly  east  of  north  of  the  head  of  Loch  an 
Tigh  Sheilg,  one  mile  north  of  Arkle,  and  elsewhere.  -  h\  the  first 
locality  the  quartz  is  arranged  in  thin  parallel  streaks  crossing  the 
pegmatite;  in  the  second  the  pegmatite,  about  two  inches  thick, 
is  in  a  dyke  of  granite  gneiss  and  is  disposed  in  sharp  folds 
striking  north-west,  the  foliation  both  in  the  gneiss  and  the 
pegmatite  being  parallel  to  the  axial  planes  of  the  folds.  Distinct 
foliation  is  rare  in  the  coai-se,  thick  pegmatites,  in  spite  of  the 
fact  that  the  dykes  of  granite-gneiss,  which  are  probably  later  than 
many  of  the  pegmatites,  are  always  foliated.  During  movements 
the  thick  pegmatites  appear  to  have  behaved  as  massive  grits 
which,  as  is  well  known,  have  often  remained  uncleaved,  even 
when  the  shales  intercalated  among  them  have  been  altered  into 
slates. 

Effects  of  Pre-Torridoniaii  Movements  oii  the  Gneiss. — Thin  streaks 
of  red,  purple  or  black,  compact  rock,  like  halleflinta,  often  crowded 
with  pieces  of  hornblende-schist  and  gneiss,  have  been  obsei-ved  in 
many  places  near  Loch  Inehard.  A  quarter  of  a  mile  north  and 
half  a  mile  slightly  west  of  north  of  the  west  end  of  Eilean  an 
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The  region  west  of  the  post-Cambrian  thrusts  may  be  divided 
into  three  belts,  which  are  not  sharply  separated  from  one  another, 
and  whose  long  axes  run  in  a  W.N.W.  and  E.S.E.  direction.  In 
the  north-eastern  belt,  varying  from  half  a  mile  to  a  mile  and  a 
half  in  width,  most  of  the  gneisses  of  the  fundamental  complex 
are  granular  in  structure  and  strike  W.N.W.  with  a  steep  dip 
towards  the  S.S.W.  They  are  traversed  by  intrusions  of  granite- 
gneiss  and  pegmatite  which  are  so  numerous  that,  taken  together, 
they  probably  exceed  in  bulk  the  rocks  of  the  complex.  The 
south-west  boundary  of  this  belt  runs  from  the  south  side  of 
Rudha  Ruadh,  near  the  southern  headland  of  Loch  Laxford,  by  Ci*eag 
na  Fionndalach  to  a  point  about  ^mile  north  of  Loch  na  Glaise 
Feama,  where  it  is  shifted  southwards  for  a  distance  of  200  yards 
by  a  N.N.E.  fault.  Thence  it  trends  E.S.E.  by  the  north  slope  of 
Ben  Stack  to  the  Cambrian  escarpment.  This  boundary  line, 
over  part  of  its  course,  crosses  the  foliation  planes  of  the  gneiss. 
The  middle  belt,  averaging  two  miles  in  width,  has  its  south-west 
margin  defined  by  a  line  extending  from  the  south  side  of  Ben 
Dreavie,  by  Clar  Loch  More,  Cnoc  na  Glaic  Moire,  and  the  north- 
east side  of  Cnoc  Michie  to  a  point  on  the  coast  about  half  a  mile 
S.S.W.  of  Tarbat.  This  boundary  also  crosses  the  foliation  of  the 
gneiss.  Here  the  petrographical  character  of  the  gneisses  is  more 
or  less  granulitic,  although  not  sharply  marked  off  from  those  to 
the  north,  and  their  strike  is  similar.  They  are  pierced  by  basic 
dykes  now  generally  occurring  as  hornblende  schists  and  by 
subordinate  intrusions  of  granite-gneiss  and  pegmatite.  Lines  of 
disruption  traverse  the  area  which  have  deformed  the  gneiss  and 
dykes. 

The  south-west  belt,  from  four  to  five  miles  in  breadth,  stretches 
south  to  Loch  a'  Chairn  Bhain  and  Loch  Glencoul.  Here  the  rocks  of 
the  fundamental  complex  consist  largely  of  pyroxene-gneisses  with  a 
variable  strike;  indeed,  their  foliation  planes  often  dip  at  gentle 
angles  and  sometimes  are  almost  flat.  They  are  intersected  by 
numerous  basic  dykes,  which  in  many  cases  are  either  free  from 
foliation  or  only  slightly  deformed.  It  was  in  this  area  that  Dr. 
Teall,  when  examining  one  of  these  dykes  near  Scourie,  obtained 
evidence  of  the  metamorphosis  of  dolerite  into  hornblende-schist. 
Pegmatites  are  comparatively  rare,  and  the  existence  of  rocks 
that  represent  the  granite-gneisses  of  the  other  belts  is  uncertain. 
This  tract  is  characterised  by  numerous  shear  lines  or  thrusts, 
whereby  the  dykes  have  been  deflected,  displaced  and  deformed, 
and  new  petrographical  characters  have  been  developed  alike  in 
the  dykes  and  gneiss.  Near  these  lines  of  disruption  and  con- 
tortion both  the  dykes  and  gneisses  lithologically  resemble  those 
in  the  middle  belt,  though  near  some  of  the  thrusts  they  are  moi*e 
finely  foliated  and  granulitised. 

In  the  middle  belt  the  alteration  of  the  rocks  has  been  accom- 
panied by  many  sharp  contortions,  with  axial  planes  striking 
W.N.W.  and  dipping  steeply  towards  S.S.W.  Near  the  boundary 
between  the  middle  and  south-west  belts  there  is  usually  an  area, 
from  a  quarter  to  half  a  mile  broad,  in  which  the  contortions  with 
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axial  planes  striking  W.N.  W.  gradually  increase  in  intensity  and 
number  in  a  N.nTE.  direction.  But  on  the  coast  half  a  mile 
S.S.W.  of  Tarbat  the  boundary  between  the  two  is  tolerably 
sharp,  perhaps  because  on  the  north-east  side  of  the  boundary 
the  lines  of  thrust  and  contortion,  which  probably  produce  the 
granulitisation  of  the  gneisses,  are  close  together,  while  on  the 
south-east  they  are  separated  by  wide  spaces  in  which  the  gneiss 
is  almost  flat  or  dips  north-west. 

In  certain  tracts  of  the  middle  belt  the  gneisses  have 
largely  escaped  the  influence  of  the  pre-Torridonian  move- 
ments, and  resemble  lithologically  the  original  types  so  common 
in  the  south-western  area  of  the  district.  Such  an  area  occurs  a  little 
north-east  of  Olar  Loch  Mor.  It  is  probable  that  many  of  the  gneisses 
and  dykes  in  the  central  part  of  the  district  have  been  derived  from 
the  alteration  of  rocks  like  the  less  altered  types  in  the  south- 
western area.  In  i*egard  to  the  origin  of  the  granular  gneisses  in 
the  north-eastern  belt  the  difficulties  in  coming  to  a  conclusion  are 
greater,  for  under  the  microscope  these  gneisses  show  no 
structures  which  prove  them  to  have  been  at  any  time  in  a  less 
altered  condition  than  now.  The  belt  is,  however,  so  permeated 
by  foliated  granite  and  pegmatites  that  it  does  not  seem  likely 
that  the  gneisses  of  the  fundamental  complex  can  have  escaped 
alteration.  The  field-evidence  would  rather  lead  us  to  suppose 
that  they  are  even  more  altered  than  the  gneisses  in  the  other 
belts.  For  it  can  be  shown  that  in  the  south-western  belt  the 
gneisses  are  always  more  altered  in  the  areas  where  the  dykes  are 
foliated.  Now,  in  the  noith-eastern  belt  the  granitic  intnisions 
are  always  foliated,  and  this  foliation  can  hardly  be  considered  to 
represent  flow-structure,  for  in  many  places  it  crosses  the  sides  of 
the  intrusions  for  great  distances  and  at  considerable  angles. 
Some  of  the  granitic  intrusions  occur  also  within  bas?ic  dykes  and 
the  foliation -planes  in  the  one  rock  continue  into  the  other. 

In  the  south-western  belt  the  granulitic  micaceous  gneisses  have 
for  the  most  part  been  formed  not  from  granular  biotite  gneisses, 
but  from  pyroxene  gneisses  or  from  pyroxene  hornblende  gneisses, 
and  the  granulitisation  is  accompanied  with  a  diminution,  or  dis- 
appeamnce,  of  the  opalescence  of  the  quartz  streaks.  In  the 
middle  belt  quartz  streaks  with  distinct  opalescence  are  rare,  and 
in  the  north-easteni,  perhaps,  they  never  occur. 

Strains  induced  dunng  folding  determined  the  direction  of  the 
foliation  in  the  granite-gneisses  and  the  second  foliation  in  the 
gneisses  of  the  fundamental  complex.  But  in  the  north-eastern 
belt  the  folds  are  not  accompanied  by  distinct  granulitisation. 
The  absence  of  definite  thrusts  and  zones  of  granulitic  gneiss  suggests 
that  at  the  time  the  thrusts  were  being  formed  in  the  other  belts 
the  gneisses  in  the  north-eastern  belt  may  have  been  comparatively 
plastic.  The  absence  of  granulitisation  and  the  abundance  of 
pegmatites  in  this  belt  maj?^  possibly  be  connected  with  the  great 
thickness  of  cover  under  which  the  rocks  there  may  once  have  lain. 
The  axial  plains  of  the  folds  in  both  the  middle  and  north-eastern 
belt  constantly  hade  S.S.W.,  and  as  we  proceed  from  Laxford  in  a 
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S.S.W.  direction  we  cross  from  lower  to  higher  planes  of  second 
foliation. 

It  seems  probable  that  at  a  certain  pressure,  or  depth,  definite 
lines  of  fracture  could  not  be  formed,  any  fissure  that  might  be 
commenced  being  at  once  filled  by  inflow  of  material  from  the 
sides.*  Perhaps  this  may  explain  why  definite  thrusts  have  not 
been  recognised  in  the  north-eastern  belt.  The  supposition  thftt 
the  rocks  of  the  middle  belt  may  once  have  been  under  a  thicker 
cover  than  those  of  the  south-western  may  also  account  for  tlie 
chief  differences  between  them,  the  folding  in  the  former  being 
general,  while  in  the  latter  it  is  chiefly  confined  to  the  neighbour- 
hood of  certain  thrusts. 

ROCKS  OF  THE  FUNDAMENTAL  COMPLEX. 

Ultrabasic  Group, — In  the  north-eastern  belt  the  most  conspicnoas 
ultrabasic  rocks  consist  of  thin  bands  and  lenticles  of  hornblende 
mixed  with  biotite  in  varying  proportion.  In  some  examples 
biotite  occurs  in  excess  of  hornblende,  or  alone.  •  The  hornblende 
is  black  in  hand-specimens,  and  occurs  in  large  stout  prisms.  He 
biotite,  when  fresh,  has  the  same  tint  and  forms  large  flakes.  Near  the 
margins  of  the  lenticles  biotite  is  most  abundant ;  indeed,  these 
may  consist  wholly  of  that  mineral,  while  the  interior  portion  is 
entirely  of  hornblende.  In  some  bands,  strings  of  biotite  traverse 
the  more  hornblendic,  central  portions.  Such  phenomena  are 
seen  in  lenticles  close  to  the  road  half  a  mile  north-west  of 
Airdachuilinn.  These  bands  of  ultrabasic  rock,  though  in  some 
places  several  yards  wide,  usually  do  not  exceed  a  few  feet.  Even 
where  thin  they  often  give  rise  to  conspicuous  topographical 
features,  forming  the  under  parts  of  scars  or  deep  trenches,  as 
for  instance  on  the  south  side  of  Laxford  Bay,  near  high-water 
mark  about  250  yards  south-west  of  the  storehouse,  and  within  a 
distance  of  80  yards  further  to  the  south-west.  Others  occur  alon^ 
the  strike  of  these  in  an  E.S.E.  direction,  between  the  bridge  and 
the  bend  of  the  river,  and  continue  past  Caol  Loch  a'  Mhin 
Ath  and  Caol  Loclian. 

That  movements  have  taken  place  along  most  of  these  bands  is 
shown  by  the  contorted  condition  of  their  folia,  while  the  gneiss  at 
their  sides  is  free  from  contortion.  A  band  which  appears  half  a 
mile  slightly  north-west  of  the  foot  of  Caol  Loch  a'  Mhin  Ath 
shows  rapid  isoclinal  folding  with  axial  planes  striking  at  angles 
of  about  45®  against  the  adjacent  gneiss.  The  folds  are  best 
shown  by  thin,  hard,  pale  gray  folia  which  occur  within  the  biotite 
hornblende  rock,  but  also  by  the  biotite  flakes  in  the  rock  itself. 
From  the  position  and  inclination  of  the  axial  planes  it  would 
appear  that  the  rocks  on  the  south-west  side  of  the  band  had  been 
moved  in  a  north-west  direction  past  those  on  the  north-east. 

In  the  middle  belt,  particularly  in  the  north-eastern  part  where 

*  See   Van  Hise,    **  Principles  of  North  American  Geology."     Sixteenth 
Annual  Report  of  the  United  States  Geological  Survey,  p.  593. 
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they  are  numerous,  these  homblende-biotite  bands  are  well 
exposed  on  the  coast  a  third  of  a  mile  south  of  Rudha  Buadh,  350 
yards  north  of  the  foot  of  Loch  Dubh  (one  mile  south-west  of  Loch 
Laxford),  and  on  the  roadside  200  yards  below  Loch  na  Claise 
Feama  (1^  miles  south-west  of  Loch  Laxford  Bay),  and  rather 
less  than  half  a  mile  south-west  of  Badnabay.  Thin  bands 
weathering  with  a  rough  brown  surface  are  common,  particularly 
within  or  close  to  the  garnetiferous  basic  rocks,  the  roughness 
being  chiefly  due  to  projecting  crystals  of  pyroxene  and  hornblende. 
A  specimen  from  an  exposure  J-mile  N.N.W.  of  Tarbat  proved  to 
be  a  banded  hornblende-pyroxenite  with  a  little  olivine  passing 
into  serpentine,  and  containing  parallel  seams  of  hornblende  from 
one  to  six  inches  thick. 

Ultrabasic  rocks  weathering  partly  with  an  orange  crust  and 
containing  many  specks  of  serpentine  have  been  traced  for  con- 
siderable distances  between  Achfarry  (one  mile  south  of  Loch 
Stack)  and  Loch  Eileanach.  The  serpentinous  portions  sometimes 
pass  along  the  strike  into  rocks  resembling  pyroxenites,  and  may 
also  be  associated  with  others  consisting  chiefly  of  interlacing 
colourless  needles  of  anthophyllite.  Hand-specimens  of  some  of 
the  serpentinous  parts  show  no  indication  of  foliation,  but  others 
are  finely  fissile  and  lustrous  with  white  mica  or  talc.  An  acid 
gneiss  which  occurs  half  a  mile  north-west  of  Loch  na  Gualainne 
contains  lumps,  from  a  few  inches  to  several  feet  long,  chiefly 
composed  of  hornblende,  the  crystals  of  which  are  arranged  in 
layers  parallel  to  the  long  axis  of  each  lump.  These  layers,  how- 
ever, do  not  continue  quite  to  the  sides,  there  being  a  peripheral 
zone,  perhaps  half  an  inch  thick,  which  on  weathered  surfaces 
projecte  somewhat  from  the  interior,  and  in  which  the  hornblende 
crystals  are  disposed  at  right  angles  to  the  sides.  This  disposition 
suggests  that  the  peripheral  zones  have  been  melted  and  recrystal- 
lized  after  the  lumps  had  been  caught  up  by  an  igneous  rock  which 
is  now  represented  by  the  acid  gneiss. 

In  the  south-west  belt  homblende-pyroxenites  are  seen  in  the 
following  among  other  places : — Close  to  the  north-west  side  of 
the  road  west  of  Cnoc  na  Glaic  Moire  (1^  miles  E.N.E.  of  Scourie)  ; 
the  path  §-mile  E.S.E.  of  the  top  of  Ben  Strome ;  the  hill  half  a 
mile  slightly  south  of  east  of  Ben  Strome,  and  the  south-west  side 
of  the  great  area  of  garnetiferous  basic  rock  between  Ben  Strome 
and  Loch  na  Leathaid  Bhuain,  both  localities  being  north  of  Loch 
Glendhu.  Outcrops  of  homblendite  and  pyroxenite  are  also 
numerous  in  the  neighbourhood  of  Scourie,  usually  associated  with, 
or  surrounded  by,  basic  rocks  containing  abundant  garnets.  The 
larger  ultrabasic  masses  contain  for  the  most  paii)  both  varieties  of 
rock,  but  the  proportions  between  the  different  constituents  vary 
much  in  the  different  outcrops.  The  mode  of  occurrence  is  also 
variable.  In  some  instances,  as  in  the  mass  forming  the  island  in 
Scourie  Bay,  much  of  the  rock  is  a  granular  aggregate  of  pale 
green  diallage  and  hornblende,  while  in  other  cases,  as  in  the 
remarkable  banded  rock  described  by  Dr.  Teall  (p.  47),  the  hom- 
blendite and  pyroxenite  form  more  or  less  separate  bands.     The 
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rocks  are  generally  coarse  in  grain  and  dark  gi*een  or  black  in 
colour.  Olivine  is  not  a  common  constituent  of  these  rocks, 
having  only  been  found  in  one  specimen  from  the  mass  to  the 
north-west  of  Pairc  a'  Chladaich,  north  side  of  Scourie  Bay,  but 
pleonaste  or  spinelle  seems  to  be  a  common  accessory  in  the  ultra- 
basic  masses  on  the  north  side  of  that  bay.  The  largest  of  these 
masses  occurs  on  the  north  of  Scourie  House,  where  it  shows  a 
breadth  in  one  place  of  about  130  yards,  but  it  cannot  be  traced 
for  more  than  a  quarter  of  a  mile.  Like  all  the  other  bands  under 
description,  its  strike  coincides  in  the  main  with  that  of  the 
adjacent  gneiss.  It  is  not  entirely  made  up  of  ultrabasic  material. 
A  part  of  it  is  beautifully  banded  like  the  case  described  by  Dr.  Teall. 
Other  examples  of  these  ultrabasic  rocks  occur  about  a  quarter  of 
a  mile  north-west  of  Scourie  House,  where  they  dip  north-west  at 
angles  from  40°  to  50°. 

Nearly  a  mile  south  of  Scourie,  in  the  neighbourhood  of  Lochan 
Daimh  Mor,  one  of  the  largest  ultrabasic  masses  in  the  district  is 
to  be  seen.  Its  boundaries  are  not  well  defined,  but  it  stretches 
from  the  south  end  of  the  loch  in  a  S.S.E.  direction  for  about  a 
quarter  of  a  mile,  and  it  has  apparently  a  breadth  of  from  70  to  100 
yards.  It  appears  to  be  mainly  composed  of  serpentine  and  peri- 
dotite  which  is  bordered  on  the  west  by  a  gametiferous  homblendic 
rock,  but  one  specimen  from  this  area  (4893)  is  described  as  a 
crystalline  granular  aggregate  of  enstatite  (hypersthene  rock). 
Fifty  yards  south  of  the  main  mass  of  serpentine  an  oval-shap^ 
mass  of  the  same  rock  about  100  yards  in  width  may  be  observed. 
Its  greatest  length  runs  nearly  parallel  to  the  general  strike  of  the 
foliation  in  the  adjacent  gneiss,  while  that  of  the  main  mass 
crosses  the  general  strike  nearly  at  right  angles.  Two  narrow 
bands  of  gneiss  appear  in  the  ultrabasic  mass  near  the  loch,  their 
strike  being  parallel  to  the  length  of  the  mass,  so  that  probably  a 
local  variation  of  the  strike  of  the  gneiss  takes  place  here  round 
the  borders  of  this  ultrabasic  mass. 

About  a  quarter  of  a  mile  S.S.W.  of  Lochan  nam  Breac,  Geisgeil, 
another  patch  of  ultrabasic  material  presents  a  somewhat  varied 
character.  While  the  greater  part  of  it  is  composed  of  an  aggre- 
gate of  anthophyllite  and  carbonate,  it  includes  a  massive  rock  of 
uniformly  fine  texture  and  dark  green  colour  made  up  of  olivine, 
which  has  been  slightly  serpen tinised  along  cracks,  and  has  the 
usual  branching  strings  of  iron-ore.  This  is  the  most  typical 
dunite  which  Dr.  Teall  has  met  with  in  the  British  Isles.  Only 
one  small  grain  in  the  microscopic  slide  is  not  referable  to  olivine, 
and  is  probably  enstatite.  The  aggregate  of  anthophyllite  and 
carbonate  forms  a  grey  rock  weathering  brown  from  the  oxidation 
of  the  iron  in  the  carbonate.  The  anthophyllite  is  colourless  and 
fibrous,  without  definite  terminations.  About  three-quarters  of  a 
mile  north  of  this  locality  another  outcrop  of  anthophyllite-rock 
has  been  noted  similar  to  that  here  described,  but  less  decomposed. 
The  interlacing  prisms  of  anthophyllite  are  conspicuous  on  the 
surface  where  the  carbonates  have  been  removed  by  weathering. 

A   few   small    lenticular   masses   and   thin    bands  of  rock  that 
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resemble  peridotite  occur  along  the  north  shore  of  Loch  a'  Chairn 
Bhain  and  on  the  island  of  Calbha  Beag.  One  of  these,  at  the  west 
end  of  Duartmore  Bay,  is  affected  by  a  line  of  thrust  and  sheared 
into  an  unctuous  schist. 

On  the  south  shore  of  Loch  Glendhu,  about  a  mile  and  300 
yards  E.S.E.  of  Kylesku  Inn,  a  mica-anthophyllite  rock  (2955), 
containing  grains  of  dolomite  and  specks  of  pyrites,  wraps  round 
several  nodules  which  are  much  more  calcareous  than  itself,  and 
consist  chiefly  of  magnetite,  spathic  iron,  and  dolomite,  but  contain 
also  abundant  films  of  white  mica,  or  talc,  brown  biotite  in  small 
nests,  a  little  green  hornblende  and  secondary  quartz.  One  of  the 
nodules  is  six  feet  long  and  two  broad.  On  the  island  300  yards 
S.S.W.  of  Kylestrome  other  calcareous  lenticles  were  also  noticed, 
in  which  anthophyllite  has  not  been  detected. 

Early  Basic  Rocks, — In  most  parts  of  the  fundamental  complex 
of  this  district  rocks  containing  felspar,  and  for  the  most  part 
without  quartz,  except  in  scattered  strings,  are  abundant,  and  vary 
greatly  in  character,  as  is  shown  by  the  abundance  or  paucity  of 
garnets  and  of  strings  and  irregular  folia  rich  in  quartz.  Save 
in  the  north-eastern  belt  these  rocks  and  the  basic  dykes  can 
generally  be  distinguished  here,  even  when  the  junctions  with 
neighbouring  rocks  are  not  visible.  Almost  every  good  exposure 
of  the  basic  type  shows  garnets  in  some  part  or  other,  also  strings 
with  opalescent  quartz,  but  only  a  few  basic  dykes  are  garnet- 
iferous.  In  these  latter  cases  the  garnets  are  small  and  rare,  while 
quartz  veins  also  are  not  common  save  when  the  rocks  have  been 
foliated,  and  then  the  quartz  is  less  opalescent  than  in  the  early 
basic  group.  There  is  no  doubt  that  in  this  district  the  great 
development  of  garnet  preceded  the  intrusion  of  the  dykes. 

Most  of  the  early  basic  rocks  may  perhaps  be  classed  either 
as  pyroxene-granulites  or  garnet-amphibolites.*  These  rocks 
frequently  project  in  the  landscape.  They  also  form  knots,  some- 
times in  groups,  surrounded  by  the  acid  gneisses,  and  are  well 
developed  in  areas  where  the  basic  dykes  are  not  foliated.  These 
knots  must  have  been  formed  before  the  intrusion  of  the  dykes. 
Their  longer  axes  are  generally  parallel  to  the  strike  of  the 
adjacent  gneiss,  but  not  always. 

In  the  north-east  belt  the  members  of  this  group  do  not  form 
large  areas.  Perhaps  the  chief  exposure  is  that  on  the  hill  rather 
more  than  ^-mile  S.S.E.  of  Badnabay,  which  is  folded  along 
north-west  axes,  and  tmceable  for  about  600  yards,  its  maximum 
width  being  about  60  yards.  It  is  much  traversed  by  veins  of 
granite-gneiss.  In  the  middle  belt  the  early  basic  rocks  are 
widespread,  and  pei'haps  form  half  the  area  of  the  north-east 
portion.  Near  Loch  na  Grualainne  and  the  north  end  of  Loch  nan 
Breac,  south  of  Loch  Laxford,  garnetiferous  rocks  are  intimately 
mixed  with  pale  gneisses.  Again,  §-mile  E.S.E.  of  bWigmore, 
south  of  Loch  Laxfoid,  masses  of  basic  rock  are  tra\etsed  in  all 

*  Mr.  Uarkei  has  described  a  specinieii  fiom  about  three  miles  south  of 
Laxford  Bay.     Geol.  Mug.,  1891,  p.  171. 
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directions  by  thin  strings  of  acid  pale  grey  or  reddish  gneiss,  so 
that  portions  of  the  former  are  isolated  by  the  latter.  The  veins 
are  often  only  an  inch  or  two  thick,  but  so  numerous  that  they 
almost  equal  the  dark  rock  in  bulk.  No  acid  strings  penetrate 
the  basic  dyke  near  the  north-east  ends  of  Loch  na  Gualainne  and 
Loch  nan  Breac,  from  which  it  may  be  inferred  that  they  are  older 
than  this  dyke  and  not  of  the  age  of  the  granite-gneisses  of 
Laxford. 

That  the  acid  gneisses  of  the  early  complex  have  in  some  places 
invaded  and  surrounded  a  basic  rock,  which,  if  not  already  com- 
pletely solidified,  at  least  possessed  a  banded  structure,  is  shown 
by  the  occurrence  in  them  of  banded  basic  inclusions,  which  are 
truncated  by  the  surrounding  folia  of  acid  gneiss.  Bands  of 
unusually  acid  character  are  so  frequently  found  at  the  edge  of,  or 
within,  masses  of  basic  or  ultrabasic  rock  as  to  suggest  that  the 
two  rocks  may  have  been  segregated  from  one  magma,  the  rock 
next  the  basic  mass  becoming  more  acid  in  consequence  of  the 
abstraction  of  the  more  basic  minerals. 

As  the  development  of  garnets  mainly  preceded  the  intrusion  of 
the  dykes,  it  must  also  have  been  anterior  to  the  thrusts  and 
contortions  by  which  the  dykes  and  pale  gneisses  have  been  so 
greatly  modified,  yet  the  garnets  and  the  rocks  containing  them 
appear  for  the  most  part  to  have  escaped  alteration.  The  rocks  in 
most  of  the  large  basic  exposures  are  hard  and  massive,  and  not 
well  banded,  and  the  thrusts  have  often  proceeded  round  their 
sides  instead  of  crossing  them.  The  garnets  in  the  basic  rocks  on 
the  north-west  side  of  Loch  na  Gualainne  vary  in  abundance  and 
size  in  different  bands.  They  are  of  a  port  wine  colour  and  of 
great  brilliancy,  but  never  show  good  idiomorphic  outlines,  being 
usually  aggregated  into  lumps  and  intergrown  with  hornblende, 
felspar,  or  ilmenite.  One  such  lump  measured  six  inches  in 
breadth  and  six  and  a  half  in  length. 

In  the  south-west  belt  the  largest  exposures  of  early  basic  rock 
occur  on  the  north-west  side  of  tlie  south-west  portion  of  Loch  an 
Leathaid  Bhuain,  noi-th  of  Loch  Glendhu,  where  they  are  much 
mixed  with  pale  gneiss,  but  over  an  area  of  perhaps  a  square  mile 
the  basic  rock  is  considerably  in  excess  of  the  acid.  The  north 
boundary  of  the  main  basic  area  is  clearly  defined  for  about  half  a 
mile  east  of  the  path,  and,  though  curved,  has  a  general  east  and 
west  direction  ;  west  of  Maldie  Burn  the  south  boundary  is  also 
tolerably  clear  for  nearly  a  mile.  In  a  large  part  of  the  rock  no 
banding  can  be  perceived.  The  garnet  aggregates  are  numerous 
and  sometimes  three  or  four  inches  long,  and  intergrown  w4th 
ilmenite.  There  are  many  irregular,  pale  grey  streaks  consisting 
chiefly  of  opalescent  quartz. 

The  hypersthene-augite-plagioclase  rocks  which  are  garnetiferous 
in  the  Scourie  district  seem  always  to  occur  in  close  conneotion 
with  the  homblendites  and  pyroxenites.  They  are  generally 
almost  black,  and  fonn  a  border  to  the  ultrabasic  masses,  but  may 
sometimes  occur  independentl3^  Here,  again,  the  garnets,  often 
as  large  as  one's  fist,  are  always  cracked  or  broken.    Those  portions 
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of  the  rock  which  are  free  from  garnets  belong  to  the  Baltimore 
gabbro  type,  and  occasionally  (as  in  No.  2990  from  the  shore 
north-west  of  Sconrie  Mor)  a  rock  which  contains  garnets,  but 
without  hypersthene,  is  a  gabbro  in  stinicture  and  composition. 
In  addition  to  the  minerals  mentioned  above,  hornblende  is  often 
present,  and  is  sometimes  as  important  a  constituent  as  any  of  the 
others.  The  other  early  basic  rocks  near  Scourie  which  occur  as 
knots  in  the  gneiss  are  probably  more  homblendic  than  augitic  in 
character.  None  of  these  masses  is  of  great  size  except  that  which 
occurs  four  miles  south  of  Scourie  and  about  half  a  mile  east  of 
Loch  a  Mhuilinn.  Much  basic  material  is  enclosed  in  the  gneiss 
to  the  west  of  the  north  end  of  Clar  Loch  Cnoc  Thormaid,  about 
three  miles  E.S.E.  of  Scourie,  and  along  the  strike  of  the  gneiss 
W.N.  W.  It  is  noticeable,  too,  between  the  south  end  of  Clar  Loch 
Cnoc  Thormaid  and  Loch  nan  Uidh,  and  on  the  north  side  of  the 
eastermost  bay  of  Loch  Crocach. 

Pyroxene-Gneisses,  Pyroxene-Homhlende  Gneisses,  and  Gneisses 
with  Biotite  in  Aggregates. — Gneisses  in  which  the  pyroxenes  are 
not  associated  with  hornblende  are  probably  rare,  but  the  pyroxene- 
homblende-gneisses  in  which  hornblende  occurs  in  aggregates  and 
has  apparently  replaced  pyroxene  are  common  in  the  south-west 
belt,  and  perhaps  cover  a  larger  surface  there  than  any  other 
rock.  They  closely  resemble  the  pyroxene-gneisses  proper,  and 
occur  with  them  in  those  places  where  the  basic  dykes  are  most 
free  from  foliation,  and  in  which  there  have  been  no  great  pre- 
Torridonian  movements  since  the  intrusion  of  these  dykes.  The 
same  areas  display  gneisses  with  aggregates  of  small  scales  of 
biotite,  but  these  gneisses  appear  to  occur  sporadically,  and  are 
connected  by  imperceptible  gradations  with  the  pyroxene-hom- 
blende-gneisses. 

The  dip  of  the  gneisses  belonging  to  these  three  types  is  usually 
towards  W.N.W. — a  direction  which  prevails  over  most  of  the  area 
between  the  Sound  of  Handa  and  Loch  na  h-Airdh  Sleibhe,  in 
many  places  south  of  Scourie,  on  the  coast  near  Kylestrome,  and 
on  Loch  Glendhu.  Along  the  shore  from  Scourie  Bay  to  Bad- 
call,  and  again  from  the  south  side  of  Badcall  Bay  to  Allt  an 
Strathain  the  general  dip  is  west  or  north-west.  Some  miles 
inland,  however,  it  becomes  irregular.  The  gneisses  between 
Loch  na  h-Airdh  Sleibhe  and  Loch  Crocach,  for  example,  have  been 
thrown  into  a  series  of  folds,  the  axes  of  which  run  W.N.W  or  north- 
west, the  gneiss  being  sometimes  horizontal,  sometimes  undulat- 
ing gently,  and  in  places  vertical,  with  a  strike  parallel  to  the  axes  of 
fold.  A  fold  of  this  kind  on  a  somewhat  large  scale  crosses  the 
whole  district  from  Badcall  Bay  in  a  south-east  direction  through 
Geisgeil  to  near  the  north  end  of  Loch  Crocach.  Near  the  east 
end  of  Loch  na  h-Airdh  Sleibhe,  on  the  south-west  and  south- 
east sides  of  Cnoc  Odhar  (a  hill  three  miles  N.N.W.  of  Kylesku) 
and  on  the  south-east  side  of  Druim  na  h-Imrich  (north  of  Loch 
a'  Chaim  Bhain),  the  banding  of  the  gneiss  is  nearly  flat. 
Between  Ben  Auskaird  and  Loch  Clach  a'  Chinn  Duibh,  2^  miles 
N.N.B.  of  Kylesku,   it  generally  dips   north    between    10°  and 
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30  \  Between  Druim  na  h-Imrich  and  Cnoc  Chalba,  4  miles 
north-west  of  Kylesku,  the  gneisses,  save  near  the  pre-Torridon 
shear  lines,  usually  undulate  at  low  angles  and  are  often  thrown 
into  low  domes  and  basins.  (See  Plate  XIV.)  The  direction  of  dip 
is  consequently  very  variable,  but  the  general  direction  of  strike  is 
W.S.W. 

The  banding  of  these  gneisses  is  one  of  their  characteristic 
features.  The  individual  bands  are  broader  than  those  in  the 
granulitic  types,  being  often  an  inch  or  two  in  breadth.  This 
structure  is  chiefly  due  to  variations  in  the  proportion  of  the 
dark  constituents  in  the  different  layers,  and  to  the  presence  of 
layers  and  lenticles  of  basic  material.  Most  of  the  quartz  occurs 
in  parallel  lenticles,  or  rods,  connected  at  short  intervals  in  such  a 
way  that  on  weathered  faces  it  stands  out  as  a  complex  network. 
It  is  opalescent  and  sometimes  of  a  pale  blue  colour. 

A  very  acid  kind  of  augite-gneiss  which  occurs  on  the  north 
side  of  Scourie  Bay,  about  :J^-mile  N.W.  of  Scourie  House,  is  coarse 
grained,  grey,  and  chiefly  composed  of  quartz  and  felspar.  Its 
pale  green  pyroxene  is  changed  in  places  to  aggregates  of  fibrous 
honiblende  (4889).  At  Scourie  Mor  a  considerable  exposure  of  a 
somewhat  different  variety  of  pyroxene-gneiss  may  be  seen.  This 
rock,  mainly  composed  of  felspar,  is  dark  grey  in  colour,  with 
many  reddish  patches  in  which  ferric  oxide  has  been  deposited 
along  cracks  in  the  quartz  and  felspar. 

These  gneisses  enclose  frequent  lenticles  and  lumps  entirely 
composed  of  hornblende  or  pyroxene.  The  bands  of  the  gneiss 
partly  end  off  against  these  masses  and  partly  bend  round  them, 
as  may  be  well  seen  near  the  top  of  a  scar  on  the  north  side  of 
the  road  at  the  south-east  end  of  Loch  a'  Bhaid  Daraich  at  Scourie. 
Many  of  the  lenticles  are  banded,  and  their  folia  terminate 
abrupt!}^  at  their  margins  against  the  enclosing  rock,  as  shown 
near  the  west  end  of  Loch  na  h-Airdh  Sleibhe.  A  much  larger 
basic  mass  is  exposed  about  half  a  mile  south  of  Cnoc  Mhichie, 
where  in  one  place  the  bands  in  the  lenticle  are  cut  by 
the  pale  gneiss,  but  in  another  lie  parallel  to  those  in  the 
adjacent  gneiss  and  to  the  junction  line.  In  the  last-named 
exposure  the  gneiss  immediately  surrounding  the  lenticle  is  more 
acid  than  that  which  lies  further  away — a  feature  suggestive 
perhaps  of  segregation  from  one  magma,  the  darker  ingredients 
having  separated  first.  The  banded  structure  may  conceivably 
have  arisen  in  consequence  of  a  movement  of  the  magma  simul- 
taneously with  the  segregation,  when  some  portions  of  the  basic 
material  had  become  sufficiently'^  solid  to  act  as  *'  eyes."  The  more 
liquid  portions  may  have  thinned  out  at  the  sides  of  the  lenticles,  or 
bent  round  them  or  cut  across  them.  In  some  basic  lenticles  the 
bands  near  the  ends  rapidly  diminish  in  breadth  and  combine  to 
form  streaks  which  mav  be  traced  loner  distances  in  the  surround- 
ing  pale  gneiss.  These  streaks  run  parallel  to  other  bands  in  the 
gneiss  and  seem  similar  lithologically  to  many  of  them.  A  case 
of  this  kind  is  seen  300  yards  north  of  Loch  a'  Bhaid  Daraich. 

In  various  places,  for  instance  on  the  east  side  of  Lochan  an 
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Freagaii-t,  gneisses  with  basic  knots  and  cx>nfused  banding  are 
overlain  or  underlain  by  more  even  banded  gneisses.  In  a  section 
on  the  shore  at  Bagh  Leathan,  south  of  Duartbeg,  a  gneiss  with 
basic  lenticles  is  cut  across  diagonally  near  the  top  of  the  section 
by  an  overlying  paler  gneiss ;  several  of  the  basic  lenticles  are  cut 
by  the  overlying  gneiss,  and  the  rocks  near  the  junction  do  not 
seem  granulitic. 

Lines  of  transgression  or  discordance  are  well  seen  in  the  area 
between  Creag  a'  Mhail  on  the  north  side  of  Scourie  Bay  and  the 
road  on  the  south-east — an  area  in  which  the  gneiss  dips  almost 
constantly  north-west  and  cannot  have  been  much  altered  since 
the  intrusion  of  the  dykes.  Lines  of  discordance  sometimes  mn 
in  the  direction  of  the  general  strike  of  the  gneiss,  at  other  times 
they  cut  it  at  considerable  angles,  but  in  either  case  they  are 
unaccompanied  by  granulitisation,  and  differ  thus  from  the 
thrusts  that  came  after  the  intrusion  of  the  dykes.  The  absence 
of  granulitisation  and  of  a  distinct  second  foliation  parallel  to 
these  lines  of  discordance  perhaps  indicates  that  these  lines  were 
caused  by  movements  in  the  mass  when  in  a  viscous  condition. 
This  inference  is  supported  by  the  fact  that  many  of  the  lines, 
including  some  which  cut  the  banding  almost  at  right  angles,  are 
filled  with  streaks  of  opalescent  quartz  and  felspar  which  are 
coarser  in  grain  than  the  adjacent  gneiss. 

In  a  few  places  within  the  pyroxene-gneiss  an  acid  rock  occurs 
which  presents  but  little  indication  of  banding,  and  consists  chiefly 
of  rather  coarse  granules  of  opalescent  quartz  and  white  felspar. 
It  resembles  a  fine-grained  granite  in  which  mica  is  scarce.  An 
example  of  this  type  covers  a  considerable  area  on  the  south-west 
side  of  Creag  a'  Bhaid  Daraich. 

The  Granular  and  Granulitic  Hornblende-Gneisses. — The  horn- 
blende-gneisses proper,  containing  hornblende  in  compact  forms, 
together  with  both  quartz  and  felspar,  and  possessing  a  granular 
structure,  accompany  the  granular  biotite -gneisses  and  are  often 
associated  with  them  in  subparallel  layers.  The  proportions  of 
hornblende  and  biotite  vary  greatly  in  different  bands.  No  sharp 
distinction  can  be  drawn  between  the  hornblende-gneisses  and  the 
biotite-gneisses. 

In  the  north-east  belt  the  hornblende-gneisses  are  common  and, 
as  far  as  observed,  all  possess  a  granular  structure.  They  may  be 
studied  in  Fanigmore  Bay,  on  the  east  side  of  Eilean  Mhadaidh;  in 
the  river  below  Laxford  bridge,  and  a  quarter  of  a  mile  north-east 
of  Airdachuilinn,  Loch  St^ick.  The  hornblende  in  these  rocks  is 
generally  fresh  and  black  in  hand-specimens :  the  granules  of 
quartz  and  felspar  are  larger  than  in  the  granulitic-gneisses,  and 
the  quartz  is  never  distinctly  opalescent.  Where  the  early  banding 
is  folded,  a  second  foliation  is  often  indicated  by  an  elongation  of 
the  hornblende  crystals,  as  may  be  seen  near  the  east  side  of  the 
path  three-quarters  of  a  mile  slightly  south-east  of  Loch  Stack 
Lodge,  and  also  300  yards  south-west  of  Laxford  bridge. 

In  the  middle  belt,  banded  gneisses,  in  which  the  chief  ferro- 
magnesian  constituent  seems  to  be  hornblende,  are  seen  at  the 
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following  places: — a  quarter  ot  a  mile  S.S.W.  of  the  outlet  of  Loch 
nan  Breac,  on  the  west  side  of  Loch  na  Claise  Feama,  on  the 
south-east  slope  of  Ben  Stack,  and  on  the  north-east  and  east 
declivities  of  Ben  Dre^ivie.  It  is  uncertain  to  what  extent  the 
structure  of  these  c;neisses  is  granulitic,  but  it  is  known  that 
hornblende  gneisses  with  a  granular  sti*ucture  extend  as  far  south- 
west as  Tarbat,  three  miles  north  of  Scourie. 

In  the  south-west  belt,  flaggy  hornblende-gneisses  are  met 
with  in  which  the  quartz  and  felspar  are  thoroughly  granulitic, 
but  these  are  confined  to  the  neighbourhood  of  the  pre-Torridonian 
thrusts,  and  are  commonly  associated  with  the  granulitic  biotite- 
gneisses  in  areas  which  have  been  subjected  to  these  movements. 
Gmnulitic  hornblende  gneiss  occurs  in  a  shear  zone,  nmning  slig^htly 
north  of  west,  on  the  coast  a  mile  and  300  yards  N.N.E.  of  Creag 
a'  Mhail,  near  a  thrust  on  the  north-east  side  of  Cnoc  Odhar  (three 
miles  N.N.W.  of  Kylesku),  Jind  in  one  near  the  west  end  of  Loch 
na  h'  Airdh  Sleibhe  (IJ  miles  E  S.K.  of  Scourie).  Many  of  the 
granulitic  gneisses  to  the  south  and  south-east  of  Scourie  contain 
both  hornblende  and  biotite.  and  the  granulitic  hornblende-gneisses 
merge  imperceptibly  into  the  granulitic  biotite-gneisses. 

Muscovite-Biotik'Gneisses. — In  this  district  some  of  the  gneisses^ 
with  biotite  as  their  chief  ferro-magnesian  constituent  contain 
also  muscovite ;  other  types  occur  in  which  muscovite  is  mora 
abundant  than,  or  even  prevails  to  the  exclusion  of,  biotite. 
Granulitic  gneisses  with  predominating  muscovite  are  seen  half  a 
mile  south  of  Fiondail  Bay,  and  by  the  path  nearly  f-mile  south- 
east of  Ben  Strome.  The  biotite-gneisses  of  the  early  complex 
usually  contain  streaks  and  lenticles  of  hornblende  and  biotite, 
which  help  to  distinguish  them  from  the  later  intrusive  granite- 
gneisses.  In  the  biotite  gneiss»*s  the  colour  is  generally  pale  grey, 
and  the  quartz  granules  are  more  elongated  than  in  the  granitic 
gneisses.  On  the  other  hand,  the  biotite  gneisses  of  the  funda- 
mental complex  are  sometimes  difficult  to  separate  fmm  those  of 
the  lat<»r  granitic  intrusions  ;  indeed,  it  is  possible  that  some  of  the 
streaks  in  the  former  may  be  due  to  lit  par  lit  injection. 

The  l)iotite-g]ieisses  pro})er  chiefly  occur  in  the  north-east  belt, 
where  the  later  granite-gneisses  and  })egmatites  are  specially 
abundant,  as,  for  example,  on  the  coast  W.S.W.  of  Badcall  Quay, 
in  the  T-Axford  river  i  mile  and  half  a  mile  above  the  foot  of  AUt 
an  Babhail,  a  tributary  of  the  river  l^ixford,  and  in  the  little  glen 
south- we.st  of  Badnabay.  The  section  exposed  in  the  last  of  these 
localities  crosses  the  junction  of  the  north-east  and  the  middle 
belts,  and  notwithstanding  the  number  of  pegmatites  and  granite- 
gneisses,  a  gradu*al  passage  seems  clearly  traceable  here  between 
the  two  types  of  biutite-gneiss  which  respectively  characterise 
these  two  areai?.  The  average  jsi/.e  of  the  granules  of  quartz  and 
felspar  in  the  early  gneisses  gradually  increases  down  this  bum  in 
a  north-east  direction,  and  at  the  same  time  the  quartz  streaks 
become  more  clear  and  transparent.  Specimens  3  171,  3409,  and 
3472,  all  from  this  stream,  have  been  examined  under  the  micro 
scope :  the  first  is  classed  as  a  biotite-gneiss  proper,  while  In  the 
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other  two,  obtained  from  higher  up  the  section,  the  Btmcture  is 
partly  granulitic,  thus  resembling  all  the  biotite-^eisses  from  the 
middle  belt  which  have  been  examined. 

In  the  north-east  belt  second  foliation  has  not  been  observed  so 
often  as  in  the  middle  belt,  and  the  planes  of  this  foliation  are 
there  not  generally  very  close. 

In  the  middle  belt  the  biotite-gneisses  are  not  always  so 
thoroughly  granulitic  aa  those  near  many  of  the  thrusts  in  the 
south-west  belt.  They  are  found  at  many  places  in  the  tract  which 
extends  from  the  coast  near  Acarseid  Mhic  Mhnrchaidh  Oig  and 
Rudh'  an  Tiompain  to  Lochan  an  Fheidh,  south-west  of  Loch 
Laxford;  also  on  the  east  side  of  Clar  Ijoch  Mor,  the  south-east 
side  of  Loch  na  Mnatha,  the  east  side  of  Loch  Eileanach,  and  on 
Meall  nam  Breoc — all  south-east  of  Scourie.  It  is  worthy  of  note 
that  the  bands  of  gneiss  ai-e  frequently  thinner  and  the  component 
granules  of  quartz  and  felspar  are  usually  smaller  in  the  limbs  of 
sharp  folds  than  near  the  axes.  Indeed,  near  the  south-east  side 
of  Loch  na  Adh  this  atteuuation  is  so  marked  that  the  thickness 
of  individual  bands  is  six  times  less  in  the  limb  than  near  the  axes. 

The  biotite-gneisses  of  the  early  complex 
in  the  south-west  belt  which  have  been 
examined  under  the  microscope  are  classed 
partly  with  those  in  which  the  biotite  is  in 
aggregates  of  small  scales  and  partly  with 
those  in  which  the  structure  is  granulitic. 
The  granulitic  gneisses  occur  along  the 
thrusts  near  which  the  basic  dykes  have 
been  converted  into  hornblende-schist.  The 
gneisses  with  aggregates  of  small  scales  of 
biotite,  on  the  other  hand,  have  no  close 
connection  with,  and  sometimes  occur  far 
away  from,  these  lines  of  disruption :  they 
appear  to  be  altere<I  forms  of  ])yroxene- 
gneisses  and  have  been  described  with  them. 
Granulitic  biotite-gneiss  is  perhaps  the  com- 
monest rock  near  the  thrusts  in  the  south- 
west belt,  where  it  forms  bands,  with 
Bubonlinate  granulitic  hornblende- gneiss 
and  hornblende-schist,  which  are  some- 
times more  than  100  yards  wide.  Some 
of  the  bands  of  granulitic  gneiss  are 
bounded  by  distinct  lines  of  fracture, 
but  more  generally  their  sides  are  ill- 
defined,  the  intensity  of  the  folds  and  the 
degree  of  alteration  gi-adually  decreasing  as  we  recede  from  their 
centres. 

The  granulitic  gneisses  usually  weather  with  smoother  outlines 
than  the  contiguous  gneisses  of  the  fundamental  complex,  and 
sometimes  form  lines  of  depression  or  the  under  parts  of  scars, 
which  can  be  traced  for  long  distances.  Examples  of  these  topo- 
graphical features  ore   seen  on  the  east  side  of  Gnoc  na  Glaic 
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Moire  (two  miles  E.N.E.  of  Scourie),  the  north  side  of  Ben 
Auskaird  (four  miles  N.N.W.  of  Ben  Auskaird),  and  on  Cnoc 
Mhichie,  one  and  a  half  miles  N.N.E.  of  Scourie.  Most  of  the 
granulitic  gneisses  contain  a  larger  proportion  of  mica  than  the 
adjacent  less  altered  gneisses ;  indeed,  the  greater  part  of  their 
mica  must  be  of  secondary  origin,  derived  from  minerals  that  occur 
in  the  other  gneisses.  As  already  indicated,  the  less  altered 
gneisses  near  most  of  the  pre-Torridonian  thrusts  are  chiefly  those 
with  pyroxene  or  with  aggregates  of  hornblende  and  biotite,  which 
have  probably  replaced  the  pyroxene,  and  from  these  most  of  the 
granulitic  biotite  gneisses  have  evidently  been  derived.  The  biotite 
must  have  been  chiefly  formed  from  pyroxene  or  hornblende,  and  the 
white  mica  from  felspar.  The  secondary  origin  of  the  micas  is 
often  evident  from  their  arrangement  along  later  foliation  planes. 
The  amount  of  pyroxene,  or  of  pyroxene  and  hornblende,  varies 
considerably  in  different  bands  of  the  less  altered  gneiss,  and  so, 
too,  does  the  amount  of  biotite  in  different  bands  of  the  granulitic 
gneiss.  The  thicker  streaks  of  biotite  in  the  granulitic  gneiss 
perhaps  represent  dark  hornblendic  streaks  which  have  been 
converted  entirely  into  biotite. 

The  minerals  on  the  foliation  planes  of  the  granulitic  gneisses 
are  often  arranged  with  their  long  axes  parallel.  The  direction  of 
elongation,  or  stretching,  varies  in  diflerent  localities,  but  near  the 
same  thrust  it  is  generally  persistent  for  long  distances.  Over  the 
greater  part  of  the  district,  when  the  observer  looks  north  towards 
the  foliation  planes,  the  lines  of  elongation  appear  diagonal,  about 
half  way  between  the  directions  of  strike  and  dip  of  the  planes, 
and  with  their  lower  ends  on  his  right  hand. 

Near  the  north-west  side  of  the  lower  half  of  Loch  an  Leathaid 
Bhuain  (north  of  Loch  Glendhu)  a  pale  grey  or  pink  gneiss  is 
extensively  exposed.  It  has  a  massive  character,  strikes  nearly 
east  and  west,  and  contains  both  biotite  and  hornblende,  but  in 
feeble  quantity.  Its  foliation  is  often  indistinct,  but  generally 
parallel  to  the  boundaries  of  the  rock.  Similar  gneisses  spread 
over  a  considerable  area  between  a  quarter  of  a  mile  north-west 
and  §-niile  north  of  Ben  Strome  (two  miles  N.N.E.  of  Kylesku). 

BASIC    DYKES. 

The  basic  intrusions  of  pre-Torridonian  age  in  this  district 
nearly  always  appear  in  the  form  of  dykes,  many  of  which  can  be 
traced  in  straight  lines  for  miles.  Their  general  direction  is  north- 
west or  between  north-west  and  W.N.W.,  save  where  deflected  by 
later  movements. 

Sometimes  two  dykes  unite,  thereby  forming  a  broader  intru- 
sion ;  sometimes  those  of  larger  size  give  off  branches  which  either 
end  abruptly  or  rejoin  the  parent  dyke  within  a  short  distance. 
Others  split  into  thin  strings  or  follow  the  planes  of  original 
banding  of  the  contiguous  gneiss,  at  low  angles,  like  sills.  An 
example  of  this  last  feature  occurs  about  700  j-ards  north-east  and 
three-quarters  of  a  mile  E.N. PI  of  Glencoul  House.     Yet  again  a 
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dyke  may  be  seen  to  taper  off  and  disappear,  while  another,  or 
perhaps  the  same  intrusion,  may  begin  not  far  off,  and  follow  a 
parallel  course,  as,  for  instance,  on  the  shore  west  of  Scourie  More, 
on  a  small  peninsula  named  Cleib  Mhor.  In  a  few  places,  one 
dyke  can  be  observed  to  cross  another  of  much  the  same  com- 
position— a  feature  displayed  in  the  peninsula  west  of  Badcall,  and 
between  100  and  200  yards  south-east  of  Lochain  Bealach  an 
Eilein  (one  mile  north  of  Scourie).  Finally,  some  dykes  run  in 
groups  across  the  gneiss-plateau,  as  between  the  shore  south  of 
Badcall  Bay  and  the  Cambrian  escarpment  north  of  Loch  Glendhu 
— a  distance  of  seven  miles. 

The  breadth  of  some  dykes  is  remarkable.  The  example  which 
appeal's  ^-mile  north-east  of  Loch  an  Leathaid  Bhuain  measures 
140  yards  across — perhaps  the  broadest  instance  in  this  area. 
Others  are  about  100  yards  in  width.  In  the  lines  of  pre- 
Torridonian  thrust  and  contortion  the  average  breadth  of  the 
dykes  is  much  smaller  than  in  the  less  altered  areas ;  some  which  in 
these  areas  measured  40  yards  across  have  been  deflected  as  they 
approach  the  shear-zones,  changed  into  hornblende-schist,  and 
attenuated  to  a  few  feet.  In  the  middle  belt,  a  great  part  of  each 
dyke  has  taken  the  form  of  hornblende-schist,  and  its  original 
thickness  has  probably  been  diminished  by  the  contortions  to 
which  the  rocks  have  there  been  subjected.  These  contortions  are, 
however,  not  so  intense  as  those  near  most  of  the  thrust  lines  in 
the  south-west  belt. 

In  the  case  of  the  broad  dykes  the  margin  is  finer  grained  than 
the  interior,  and  resembles  that  of  the  thin  intrusions.  No 
vesicular  cavities  or  amygdules  have  been  detected. 

The  intrusive  character  of  the  dykes  in  the  tract  south  of  Scourie 
is  very  apparent,  as  the  majority  of  them  cross  the  foliation  of  the 
gneiss  nearly  at  right  angles.  An  excellent  example  of  an 
intrusive  junction  is  displayed  by  the  dyke  about  a  quarter  of  a 
mile  south-west  of  the  east  end  of  Loch  a'  Bhaid  Daraich,  Scourie 
— one  of  those  which  supplied  Dr.  Teall  with  proofs  of  the 
alteration  of  a  massive  basic  rock  into  hornblende-schist.  (See 
Plate  XX.) 

The  shore  north-west  of  Badcall  shows  a  dyke  which  seems  to 
have  nearly  reached  its  upward  limit  of  protrusion,  at  what  is  now 
the  surface  of  the  ground.  Rather  more  than  half  a  mile  W.S.W. 
from  Cnoc  na  Bainneire,  two  small  dykes  run  in  a  north-west 
direction  and  approach  the  sea-coast.  The  more  westerly  one  ends 
off  upward,  being  plainly  overlain  for  a  short  distance  by  the 
gneiss,  beyond  which  it  reappears  at  the  surface  on  the  same  line. 

Regarding  the  surface  features  produced  by  these  intrusions,  it 
is  observable  that  many  of  the  undeformed  dykes  frequently  make 
ridges  and  crags ;  others  nearly  always  give  rise  to  hollows  and 
show  few  rock  exposures.  It  is  to  be  remarked,  however,  that  the 
same  unfoliated  dyke  may  fomi  a  ridge  at  one  part  of  its  course 
and  a  hollow  at  another,  though  no  important  differences  may  be 
observable  either  in  the  characters  of  the  intrusion  or  of  the 
contiguous  gneiss.     (See  Plate  XIX.) 
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South  of  Scourie  nearly  all  the  dykes  are  massive  epidiorites, 
comparatively  few  having  been  converted  into  hornblende-schist 
throughout  their  whole  breadth.  Other  interesting  types  appear 
to  the  north  of  that  village.  Thus,  in  one  of  the  least  altered 
portions  of  the  Fanigmore  dyke,  south-west  of  Loch  Laxford,  the 
plagioclase  and  pyroxene  are  related  to  one  another  as  in  many 
unaltered  igneous  rocks.  Nevertheless  a  considerable  quantity  of 
biotite  is  here  intimately  intergrown  with  ihe  pyroxene.  This 
type  may  be  termed  hyperite,  as  it  contains  apparently  a  little 
enstatite,  as  well  as  augite.  About  half  a  mile  north-west  of  Cnoc 
an  Fhir  Bhreige,  the  Fanigmore  dyke  is  cut  by  another  of  the 
common  type.  Again,  south-east  of  Loch  Bad  an  t — Seasgaich, 
which  lies  to  the  south-east  of  Loch  na  h'  Airdh  Sleibhe.  two 
dykes  of  coarse  rock,  containing  large  crystals  of  felspar, 
have  not  been  much  foliated,  but  they  show  abundant  large 
plates  of  yellow  mica  on  certain  planes.  They  weather 
with  a  bluish-black  colour,  and  remind  one  of  the 
Fanigmore  dyke.  The  adjacent  dykes  are  of  a  different  type, 
being  fine  grained  and  well  foliated,  but  there  is  no  evidence  to 
prove  their  age  with  respect  to  the  coarse  dykes.  The 
dykes,  which  have  been  deflected  along  thrusts  for  great 
distances  out  of  their  usual  course,  are  generally  finely 
foliated.  The  one  running  nearly  east  and  west  for 
more  than  a  mile  along  the  east  part  of  the  Ben  Strome 
Thrust,  and  that  which  can  be  traced  for  nearly  a  mile  from  the 
coast,  half  a  mile  N.N. E.  of  Creag  a'  Mhail,  are  both  unusually 
finely  foliated,  and  contain  abundant  flakes  of  biotite  on  their 
foliation  planes.  In  the  first-named,  the  biotite  is  clearly  of 
spcondarj^  origin,  for  that  mineral  does  not  occur  in  the  less- 
altered  portions  of  the  dyke.  Most  of  the  other  dykes  in  which 
biotite  is  conspicuous  are  also  unusually  finely  foliated. 

Another  peculiar  type — a  biotite  liornblende-dolerite — which 
contains  biotite  even  when  it  shows  little  or  no  foliation,  has  been 
traced  from  near  the  north-west  end  of  Loch  a'  Bhaid  Daraich, 
Scourie,  to  a  place  about  one-third  mile  slightly  east  of  south 
of  the  toj)  of  Cnoc  Mhichie,  and  thence  to  the  north  end  of  Loch 
na  Mnatha.  This  example  differs  from  the  dykes  near  it,  in 
its  greater  pro})()rtion  of  felspar  and  in  its  mode  of  weathering. 
Between  Loch  a'  Bhaid  Daraich  and  Cnoc  Mhichie — a  distance 
of  about  a  mile — its  general  direction  is  N.N.E.,  nearly  at  right 
angles  to  the  normal  course  of  these  intrusions ;  between  Cnoc 
Mhichie  and  Loch  na  Mnatha  its  trend  differs  less  from  that  of  the 
other  dvkes.  The  evidence  in  the  field  renders  it  probable  that 
it  is  olaer  than  the  other  dvke-intinisions  in  the  neijrhbourhood. 

In  some  dykes  there  is  an  original  broad  banding  which  is 
crossed  by,  and  must  be  older  than  the  fine  foliation.  In  the 
broad  dyke  two-thirds  of  a  mile  slightly  north  of  west  of  the 
outlet  of  Loch  na  h-Adh  there  are  alternating  pale  and  dark 
bands  which  are  rather  more  steeply  inclined  than  the  fine 
foliation  plane.s. 

The  hornblende  in  the  dykes  is  never  in  prominent  "augen" 
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forms,  but  usually  occurs  in  small  needle-like  prisms  lying  on 
the  foliation  planes  and  parallel  to  the  direction  of  stretching. 
The  prisms  are,  as  a  rule,  less  stout  than  those  in  the  early  basic 
rocks.  In  the  dyke  at  the  head  of  the  glen  south-west  of  Badnabay 
and  tiie  one  running  north-west  from  the  north  end  of  Loch  na 
Gualainne— both  of  them  near  the  area  in  which  the  granite 
gneisses  are  abundant — the  hornblende  is,  in  places,  in  rather 
stouter  foi-ms  than  usual. 

Garnets  have  hardly  ever  been  observed  in  the  dykes,  save  in 
some  instances  near  the  north-east  side  of  the  middle  belt.  They 
are  smaller  and  le«s  numerous,  but  generally  display  more  idio- 
morphism  than  those  in  the  early  basic  rocks,  and  they  have 
no  rims  of  felspar  like  those  in  the  latter  group. 

At  the  close  of  the  present  chapter  fuller  reference  will  be 
made  to  the  pre-Torridonian  lines  of  movement  in  this  district 
(whereby  new  structures  have  been  developed  both  in  the  dykes 
and  gneiss),  and  also  to  the  flinty  crush-lines.  Brief  allusion 
may,  however,  be  made  here  to  certain  points.  In  the  sheared 
dykes,  lenticles  of  unfoliated,  or  slightly  foliated,  rock  are 
common,  resembling  "augen"  structure  on  a  large  scale,  as  shown 
on  the  north-east  side  of  Aird  da  Loch,  near  the  foot  of  Loch 
a'  Mhuirt  (two  and  a  half  miles  east  of  Scourie) ,  about  700  yards 
north-east  of  Cnoc  Mhichie,  and  a  quarter  of  a  mile  south  of  the 
south  end  of  Loch  nam  Breac.  Again,  in  some  dykes  blacki  flinty 
strings,  that  might  be  mistaken  for  tachylite,  are  exposed  at 
various  localities.  They  may  be  seen  on  the  south  side  of  the 
large  irregular  intrusion  between  the  shear-lines  half  a  mile  south 
of  Ben  Strome,  and  in  the  broad  dyke  three-quarters  of  a  mile 
S.S.E.  of  Loch  Poll  an  Achaidh.  A  dyke  crossing  the  Scourie 
road  250  yards  north  of  Duartmore  bridge  is  also  fringed  with  a 
narrow  band  of  black  flintv  rock,  and  the  crushed  rock  in  the 
thrust,  350  yards  south  of  Loch  Allt  nan  Ramh  (one  mile  south- 
east of  Duartmore  bridge),  is  crossed  by  fine-grained  splintery 
strings. 

Reference  may  be  made  to  the  apparent  absence  of  basic  dykes 
in  the  north-east  belt  adjoining  Loch  Laxford  and  Looh  Stack. 
They  possibly  occur  there  also,  but  may  have  escaped  recognition 
owing  partly  to  the  veins  of  pegmatite  and  granite-gneiss  which 
traverse  them,  and  partly  to  changes  in  lithological  character 
induced  by  these  acid  intrusions.  Such  metamorphism  result- 
ing from  the  injection  of  granite  and  pe<^matite  may  have  led  to 
a  recrystallisation  of  both  the  early  basic  materials  and  the  basic 
dykes  into  much  the  same  types  of  rock.  As  already  indicated, 
some  slight  evidence  may  be  adduced  to  show  that  the  foliated 
basic  dykes  change  their  character  as  the  area  of  granite  gneisses 
is  approached,  and  hence  still  more  marked  changes  might  be 
expected  within  the  granite  gneiss  belt.  It  is  possible  that 
thrusts  exist  in  the  north-east  belt,  though  they  have  not  been 
recognised. 

In  the  area  affected  by  the  post- Cambrian  thrusts,  the  most 
north-easterly  basic  intrusions  that  have  been  recognised  run 
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from  a  little  south  of  Lochan  Feith  an  Leothaid  in  a  W.N.W. 
direction  north  of  Glencoul  river.  South-west  of  Loch  Beag,  at 
the  head  of  Loch  Glencoul,  basic  dykes  are  numerous,  and  as  far 
north-west  as  the  margin  of  the  Cambrian  quartzite  on  Glas 
Bheinn.  It  seems  probable  that  in  the  displaced  gneiss  north  of 
that  hill  and  between  Loch  Gainmhich  and  the  Lochan  a*  Choire 
Ghuirm,  dykes  have  been  sharply  folded  on  an  extensive  scale, 
so  as  to  cause  the  same  dyke  to  be  represented  by  several  more  or 
less  parallel  outcrops.  The  outcrop  of  the  broad  dyke,  which 
runs  north-west  from  near  the  north  end  of  Lochan  a'  Choire 
Ghuirm  is  such  as  might  be  produced  by  a  repetition  of  folds  with 
axial  planes  striking  north-west.  These  supposed  folds  seem 
independent  of  the  post-Cambrian  movements,  though  they  affect 
rocks  which  have  also  been  displaced  by  the  Glencoul  thrust. 

VUra-Basijc  Dykes. — In  this  district  only  a  few  dykes  of  ultra- 
basic  composition  have  been  noticed.  The  best  example  is  a 
picrite  which  occurs  near  Geisgeil,  about  two  and  a 
half  miles  south  of  Scourie.  It  is  about  20  yards  in 
width,  and  may  be  followed  south-east  for  more  than  a 
mile,  in  or  uear  the  burn  called  Allt  Crom  Geisgeil, 
Narrow  dyke  intrusions  like  peridotite  are  exposed  at  the  follow- 
ing localities:  about  350  yards  south-east  of  the  east  end  of 
Loch  na  h-Airdh  Sleibhe,  north-west  of  Loch  Crocach  (one  mile 
north  of  Duartmore  Bridge),  between  the  Ordnance  Station  794 
and  the  large  dyke  north-east  of  it,  and  about  30  yards  to  the 
south-west  of  the  latter  locality. 

Dykes  which  seem  to  consist  chiefly  of  small  needles  of  horn- 
blende, and  which  generally  form  trench-like  depressions,  occur 
half  a  mile  south  of  Loch  na  h-Adh  (three  miles  west  of  Loch 
Stack),  and  a  mile  and  a  quarter  E.S.E.  of  Ben  Auskaird.  The 
rock  at  the  latter  place  is  unfoliated,  and  its  course  is  more  ne^irly 
east  and  west  than  that  of  the  basic  dykes. 

Microcline-Mica  Dykes. — The  microline-mica  dykes  occur  in 
the  neighbourhood  of  Kylestrome  and  Aird  da  Loch  (between 
Lochs  Glendhu  and  Glencoul).  Where  least  deformed  and 
unaltered,  the  rock  of  which  they  consist  is  of  purple-brown 
colour,  and  shows  faces,  sometimes  half  an  inch  broad,  of  red 
felspar  containing  many  inclusions  of  dark  mica.  Indeed, 
felspar  forms  a  considerable  proportion  of  the  whole  mass,  and 
in  the  thin  slices  3242  and  2734  it  presents  microcline  structure. 
The  rock  is  often  much  decomi>osed  and  weathers  with  an 
ochreous  surface.  The  direction  of  some  of  the  least  altered  of 
these  dykes  is  north-east,  but  one  of  them  runs  north 
and  south.  In  one  case,  to  the  west  of  the  post- 
Cambrian  thrusts,  there  are  traces  of  foliation,  which 
may  be  assumed  to  indicate  that  the  dyke  possessing 
this  structure  is  of  pre-Torridon  age.  Another  dyke  which 
seems  to  cross  several  basic  dykes  runs  in  a  south-westerly 
direction  from  the  south  shore  of  Loch  Glendhu  (where  it  is 
about  six  feet  thick  and  shows  no  distinct  foliation),  through 
Aird     da    Loch,     to     Loch     Glencoul,     and     is     accompanied 
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by  a  fault  that  displaces  the  basic  dykes.  About  80 
yards  further  east  near  Loch  Glendhu,  on  the  face  of  a 
crag  called  in  the  siK-inch  maps  ''  Creag  an  Tombaca," 
various  thin,  vertical  strips  of  dark  micaceous  schist,  from  two  to 
six  inches  thick,  cut  the  gneiss  and  run  nearly  east  and  west. 
They  probably  represent  finely  foliated  portions  of  the  six-feet 
dyke,  which  have  been  twisted  and  altered  along  an  east  and 
west  thrust.  Their  foliation  planes  have  a  general  direction 
p^irallel  to  the  sides,  but  they  are  considerably  bent  in  places. 
Under  the  microscope  the  structure  is  seen  to  be  that  of  a  typical 
crystalline  schist. 

Another  microeline-mica  dyke,  which  is  vertical,  about  four 
feet  thick,  and  traceable  for  60  yards  in  a  north  and  south 
direction,  occurs  near  the  south  Hide  of  the  path  half  a  mile  N.E. 
of  Kylestrome.  At  the  road  it  is  deflected  westwards  by  one  of 
the  pre-Torridonian  thrusts.  A  specimen  of  this  rock, 
analysed  by  Mr  Barrow,  gave  the  following  result :  — 
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The  total  iron  is  reckoned  as  FcgOj. 


THE   LATER   GRANITE  GNEISSES. 


As  already  indicated,  intrusions  of  granite-gneiss,  later  than 
the  basic  dykes,  are  extremely  abundant  in  the  north-east  belt 
of  the  district.  This  belt  gradually  increases  in  breadth  in  an 
E.S.E.  direction  towards  the  scar  of  Cambrian  quartzite.  While 
near  the  entrance  to  Loch  Laxford  it  is  about  half  a  mile  broad, 
near  Loch  Stack  it  widens  out  to  about  a  mile  and  a  half; 
indeed,  it  is  probable  that  the  granite-gneisses  continue  to 
increase  in  development  in  an  E.S.E.  direction  under  the 
Cambrian  rocks,  for  the  thrust  granite-gneiss  between  Loch  More 
and  Loch  na  Creige  Duibhe  is  much  wider  than  any  single  band 
of  this  rock  west  of  the  post-Cambrian  displacements.  Most  of 
these  gneisses  take  the  form  of  sills,  but  some  of  them  occur  as 
dykes  which  strike  more  nearly  E.  and  W.  than  the  neighbouring 
rocks.  The  intrusions  of  gneiss  gradually  disappear  south-west- 
wards ;  in  the  south-west  belt  a  few  thin  bands  may  possibly 
belong  to  the  same  series. 

The  south-west  limit  of  the  area  in  which  the  granite-gneisses 
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are  specially  abundant  is  defined  by  a  broad  sill,  or  series  of  sills, 
passing  rather  more  than  400  yards  north-west  of  Loch  na  Seilge, 
near  Loch  Stack  (Sheet  107).  This  boundary  is  not,  however, 
very  definite,  for  a  close  set  of  parallel  sills  runs  for  a  little 
distance  on  either  side  of  the  line  taken  on  the  map.  The 
inclusions  of  older  gneiss  in  this  Loch  na  Seilge  sill  become  more 
numerous  north-westwards  from  Badnabay,  until  they  finally 
surpass  in  bulk  the  granitic-gneisses  associated  with  them.  On 
the  south  side  of  Loch  Bad  an  t-Seabhaig  (three-quarters  of  a 
mile  S.S.W.  of  Laxford  Bridge),  the  sill  dips  on  the  average 
45°  or  50°,  and  the  outcrop  is  about  a  third  of  a  mile  wide. 
North-eastwards  for  about  a  quai'ter  of  a  mile,  the  earlier 
gneisses  alternate  with  thin  bands  of  granite-gneiss  and 
pegmatite,  followed  by  another  broad  sill  which,  near  Loch  Bad 
an  t-Seabhaig,  dips  at  about  50°  and  has  a  width  of  about 
250  yards,  which  decreases  towards  W.N.W.,  and  increases  in 
the  opposite  direction. 

Many  of  the  sills  are  so  nearly  parallel  to  the  bands  of  gneiss 
of  the  fundamental  complex  that  evidence  of  their  intrusion  is 
not  readily  obtained.  Their  intrusive  nature,  however,  is  well 
seen  on  the  hill  one-third  mile  S.E.  of  Loch  Bad  an  t-Seabhaig. 
The  dyke  at  the  road  40  yards  south  of  Laxford  Bridge,  and  the 
two  on  the  south-west  side  of  Loch  Stack,  a  little  south-west  of  the 
great  sills,  are  unusually  long  and  straip^ht.  The  first  continues 
for  at  least  a  mile  and  a  quarter  in  a  W.N.W.  direction,  and  is 
from  15  to  35  feet  wide.  The  sills  at  Rudha  Euadh  and  Loch  na 
Seilge  generally  form  lower  and  less  craggy  ground  than  the 
earlier  gneisses.  Their  rock-exposures  weather  with  rounded 
outlines,  and  are  frequently  crossed  with  gently-inclined  parallel 
joints,  which  are  in  many  localities  nearly  at  ripfht  angles  to  the 
foliation.  On  the  north-east  side  of  Loch  Stack,  about  a  mile 
from  the  Lodge,  both  the  granite-gneisses  and  the  others  are 
crossed  by  strong  vertical  joints  striking  about  18°  east  of  north. 

Most  of  the  granite-gneisses  are  of  a  pale  pink  colour  and 
contain  many  grains  of  felspar,  often  from  1-20  to  1-10  inch  in 
breadth,  which  have  either  a  red  colour  or  a  pale-bluish  chatoyant 
lustre.  In  thin  slices  many  of  the  grains  show  microcline 
structure,  hut  oligoclase  is  also  abundant.  In  many  of  the 
tliin  bands  and  dykes,  the  felspar  when  fresh  is  almost  colourless 
and  the  rock  is  pale-gray.  The  quartz  grains,  generally  distinct 
on  the  weatliered  faces,  sometimes,  ])articularly  near  the  outsides, 
have  a  reddish  colour,  and  contain  small  inclusions  of  hrematite. 
Many  of  the  quartz  streaks  are  distinctly  elongated  along  the 
foliation  planes,  but  the  foliation  is  chiefly  marked  by  the  distri- 
bution of  the  dark  ferro-magnesian  constituents,  of  which  biotite 
is  generally  the  most  abundant,  appearing  in  small  parallel 
flakes.  Hornblende  also  is  seen  in  abundance  in  the  massive 
sills  in  the  following  places  :  Uudha  Ilnadh  (a  promontory  at  the 
mouth  of  Loch  Laxford)  ;  half  a  mile  S.S.W.  of  Laxford  Bridge ; 
a  third  of  a  mile  E.S.E.  of  Loch  Bod  an  t-Seabhais::  the  north- 
east side  of  Loch  Stack :  and  a  third  of  a  mile  E.N.E.  of 
Airdachuilinn.     White  mica  rarely  appears  in  the  thick  sills. 


Loch  Laxford  to  Kylesku,  145 

The  granitic  gneisses  are  seldom,  if  ever,  thoroughly  granulitic, 
but  a  mylonised  structure,  accompanied  with  some  granulitisa- 
tion,  is  common  among  them.  Cataclastic  action  has  affected  the 
gneiss  after  it  was  already  foliated,  as  will  be  referred  to  subse- 
quently*. A  few  thoroughly  granulitic  dykes  occur  within  the 
south-west  belt,  and  possibly  represent  intrusions  of  the  same  age 
as  the  granite-gneisses. 

The  Kudha  Ruadh  sill  sometimes  assumes  a  banded  structure, 
from  the  occurrence  of  dark  stripes  which  contain  hornblende  in 
more  abundance  than  the  rest  of  the  rock.  Such  stripes  are 
seen  in  the  following  localities :  a  third  of  a  mile  slightly  east  of 
north  of  Cnoc  an  Fhir  Bhreige  (south-west  side  of  Loch  Laxford), 
about  700  yards  E.S.E.  of  Badnabay,  near  AUt  na  Suileig  (about 
one  mile  S.S.E.  of  Laxford  Bridge) ,  and  on  the  north-east  side  of 
Loch  Stack,  two- thirds  of  a  mile  from  the  Lodge.  In  the  Loch 
na  Seilge  sill  a  banded  structure  has  been  noted  in  one  place, 
about  a  third  of  a  mile  S.S.E.  of  the  outlet  of  Loch  Bad  an 
t-Seabhaig. 

The  gneiss  composing  the  broad  intrusions  is  generally  coarser 
than  that  in  the  thin  sills  and  dykes,  but  in  some  localities  \^athin 
the  former,  and  running  generally  parallel  to  their  margins,  some 
bands  occur  which  are  much  finer  in  grain  than  the  rest. 
Perhaps  the  latter  differ  in  age  from  the  others. 

Broad  bands  of  pegmatite  are  common  in  the  massive  intru- 
sions. Thin  pegmatites,  from  a  quarter  of  an  inch  to  six  inches 
thick,  are  also  abundant,  running  for  the  most  part  parallel  to  the 
foliation,  and  only  an  inch  or  two  apart ;  on  weathered  surfaces 
they  usually  project  slightly  above  tne  rest  of  the  rock,  and  are 
of  a  paler  colour.  Some  of  the  granite  dykes  never  seem  to  be 
crossed  by  broad  pegmatites,  and  it  is  probable,  as  will  shortly  be 
shown,  that  they  are  of  later  age. 

Throughout  this  district  the  granitic  rocks,  excluding  the 
pegmatites,  are  never  free  from  foliation,  which  in  the  sills,  in 
some  of  the  dykes,  and  in  most  of  the  irregularly- shaped  masses, 
is  parallel  either  to  the  broad  bands  in  the  earlier  gneiss,  or  to  a 
second  foliation  which  crosses  these  bands. 

In  certain  dykes  the  foliation  is  parallel  to  the  sides,  and  a 
parallel  second  foliation  is  sometimes  visible  in  the  earlier 
gneisses.  Where  the  latter  has  not  been  developed,  it  is 
probable  that  the  dykes  may  have  formed  lines  of  weakness  along 
which  movements  proceeded  without  having  much  effect  on  the 
surrounding  gneiss.  Dykes,  foliated  parallel  ip  the  sides,  may 
he  seen  in  the  headland  E.S.E.  of  Eilean  Port  a'  Choit  (at  the 
head  of  Loch  Laxford),  and  half  a  mile  north  of  Badcall  Quay. 

About  50  yards  south  of  the  south-east  end  of  Loch  a'  Cham 
Altain  (1  mile  north-east  of  Loch  Stack  Lodge)  a  fine-grained 
granite-gneiss  appears  which  sometimes  behaves  as  a  sill  and 
sometimes  as  a  dyke.  The  sill  portion  is  for  the  most  part  foliated 
parallel  to  its  side,  but  in  one  place  where  both  the  gneissose 

*  See  sec.  on  pre-Torridonian  movementB,  page  152. 
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granite  and  the  earlier  gneiss  are  bent  and  make  an  angle  of  30° 
with  their  usual  direction,  there  is  a  departure  from  this  rule.  At 
the  bend  the  foliation  in  the  granite-gneiss  is  not  deflected  but 
continues  its  normal  direction,  appearing  as  second  foliation 
planes  in  the  gneiss  of  the  fundamental  complex  , 

Thin  bands  of  granite-gneiss  are  not  uncommon  in  the  basic 
dykes  in  the  north-east  part  of  the  middle  belt. 
They  are  met  with,  for  example,  in  the  broad  dyke 
at  the  north-east  side  of  Loch  na  Claiae  Feama  (one 
and  a  half  miles  W.S.W,  of  Laxford  Bridge) ;  a  quarter 
of  a  mile  east  of  the  outlet  of  Loch  an  t-Seana  Phnill;  and 
rather  more  than  half  a  mile  W.JJ.W.  of  Loch  na  Seilge  (one 
and  a  half  miles  west  of  Loch  Stack  Lodge).  At  each  of  these 
localities  the  foliation  in  the  granitic  intrusion  is  in  the  same 
direction,  and  about  as  well  marked  as  that  in  the  basic  rock. 
In  the  last^mentioned  locality  the  foliation  planes  make  an  angle 
with  the  sides  of  the  granitic  band,  and  can  be  traced  from  uie 
one  rock  info  the  other. 

All  the  granite-gneisses  are  not  quite  of  the 
same  i^e.  Mear  the  top  of  a  scar  100  yards 
from  Locb  Stack,  and  rather  more  than  thre^ 
quartet's  of  a  mile  slightly  vest  of  north  of 
Airdachulinn,  a  fine-grained  grsnite-gneisa 
with  short  pegmatitic  streaks  overlies  and 
apparently  truncates  a  coarse  granite- gneiss 
in  which  no  such  streaks  occur:  it  seems  also 
to  truncate  a  nearly  vertical  pegmatite  in  the 
coarse  rock.  Another  example  occurs  north- 
east of  the  terrace  nearly  a  mile  slightly  south 
of  east  of  Loch  Stack  Lodge,  where  a  dyke  of 
fine  red  foliated  granite  with  thin  parallel 
pegmatite  streaks  comes  in  contact  with  a  sill 
;e  granite-gneiss  containing  some  thick 
pofrniatitcs.  The  line  of  junction,  visible  for 
eight  or  nine  yards,  is  approximately  straight, 
and  the  foliation,  both  in  the  dyke  and  the 
sill,  is  in  the  same  direction,  and  makes  a 
mall  allele  with  the  junction. 
In  the  area  west  of  the  post-Cambrian 
thrusts  the  {ri-anite-giieisses  which  occur 
furthest  south-west,  and  which  wa  can  with 
confidence  claim  as  part  of  the  same  series  as 
the  Laxfonl  granite  intnisions.  ai-e  seen  in  the 
I'ar  the  south  side  of  Locb  a'  Mliuirt,  a  thii-d  of 
a  mile  from  the  foot,  a  tliird  of  a  mile  south,  and  two-thirds  of  a 
mile  S.S.E.,  of  the  outlet  of  Gorm  Loch,  east  of  Sconrie. 

Other  thin  dykes,  which  may  possibly  belong  to  the  same  set  of 
intrusions,  but  are  now  iu  a  thoroufflily  granulitic  condition, 
occur  still  further  south-west  in  the  following  places:  70  yards 
off  the  north  end  of  Loch  an  Laig  Aird  (one  and  a  half  iniles 
norfh-easi  of  Scourie,  200  yards  west  of  Jleall  uani  Breac,  near 
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ihe  south  side  of  Loch  na  Craoibhe  Moire  (three  miles 
E.S.E.  of  Scourie),  and  near  the  east  end  of  Loch  a'  Bhaid 
Daraich.  The  dyke  in  the  last  locality  can  be  traced  in  a  north- 
east direction  for  half  a  mile. 

Pegmatites. 

Most  of  the  coarse  pegmatites  are  not  foliated,  which  is  perhaps 
due  to  their  coarse  grain,  the  plates  of  felspar  and  the  quartz 
streaks  being  often  several  inches  across.  These  veins  are  not 
all  of  the  same  age,  for  one  is  often  cut  by  another,  and  the 
granite-gneisses  which  cut  some  pegmatites  may  in  turn  be  cut  by 
others.  Some  of  the  unfoliated  pegmatites  are  cut  by  foliated 
eranitic  bands,  and  it  is  certain  tnat  the  production  of  foliation 
had  not  ceased  at  the  time  these  veins  were  produced.  Pegmatites 
with  graphic  structure  have  been  noticed  in  many  places. 
Flakes  oi  black  biotite  are  tolerably  abundant  and  sometimes 
large,  as,  for  instance,  in  a  graphic  pegmatite  two-thirds  of  a 
mile  N.Jf.E.  of  the  outlet  of  Loch  an  Leathaid  Bhuain,  where 
they  are  six  or  seven  inches  across.  Grains  and  patches  of  some 
black  iron  ore,  probably  ilmenite,  are  common. 

In  the  area  west  of  the  post-Cambrian  thrusts  pegmatites  of  the 
usual  type,  and  several  yards  wide,  cross,  or  occur  within,  foliated 
basic  dykes,  a  quarter  of  a  mile  west  of  Loch  na  Seilge  (west  of 
Loch  Stack  Lodge)  and  a  third  of  a  mile  west  of  Cnoc  Bad  na 
h'Achlaise. 

Pegmatites  are  numerous  in  the  N.E.  belt  of 
the  district,  where  they  are  often  several  yards 
bix»ad,   and    where,    as    already    indicated,   the 


granite-gneisses   are  most  abundant.     Many  of  Tflr^Tn,- .    •  m 

them  behave  like  sills  for  short  distances,  but 

their   sides    are   rarely   straight   or    sufficiently 

rejnilar  to  be  easily  mapped.     They  decrease  in 

number  in  a  south-west  direction,  but  even  in 

the  south-west  belt  broad  examples  occasionally  Fio.    5    (tV).  -7 

occur.     One  conspicuous  vein   may  be  seen  on  Nearly   hori- 

the  shore  west  of  Scourie  More,  and  east  of  Dubh  ^^^    J^^?^» 

o     •                 1         ii                                1            t    t  tite     cutting 

Dgeirran,  and  another  occurs  near  the  road  about  nearly  vertical 

300  yards  north-east  of  the  Scourie  Free  Church.  banded  gneiss. 
Peculiar  pegmatitic  lumps,  mostly  varying  in  South  side  of 
size  from  one  to  three  inches  across,  and  thin  LochEileanach. 
1  ^  1  o  •  M  X  •  1  P.  il^e  pegmatite 
irregular  streaks  01  similar  material  are  often  jg  banded  par- 
observable  in,  or  at  the  sides  of,  bands  of  allel  to  it« sides, 
biotite-homblende-rock.      In   the   specimens   of  hut  is  crossed 

these   pegmatites   which    have    been    examined  ^^  *   foliation 

.,             1       ri                         J.    •       ii--i.                         'J  parallel  to  the 

the    only   lelspar  present  is  albite   or   an   acid  (modified) 

oligoclase.  A  thin  pale-grey  nearly  horizontal  gneiss  banding, 
pegmatite,  only  an  inch  thick,  which  displays 
an  arrangement  in  layers  parallel  to  the  side  and  also  a 
foliation  crossing  the  margins,  was  noticed  about  300  yards 
south  of  the  west  end  of  Loch  Eileanach  (two  miles  south- 
west of  Loch  Stack  Lodge).     Its  outer  layers  are  much  finer  in 
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grain  than  those  of  the  interior,  and  in  both,  the  quartz  streaks 
are  arranged  almost  at  right  angles  to  the  sides  and  parallel  to  the 
broad  bands  in  the  gneiss. 

Among  the  Lewisian  gneisses,  reappearing  above  the  Glencoul 
thrust  plane,  betwpen  Loch  na  Creige  Uuibhe  and  the  Loch  Beag 
of  Glencoul,  pegmatites  occur  in  abundance,  some  of  which  cross 
foliated  basic  dykes. 

About  140  yards  W.N.W.  of  the  top  of  Ben  Stack,  and  nearly 
200  yards  from  an  outlier  of  Cambrian  quartzite,  the  felspar  in 
a  pegmatite  has  been  partly  converted  into  agalmatolite. 

Phe-Torridonian  Movements. 

The  important  lines  of  thrust  and  folding  which  took  place 
before  the  deposition  of  the  Torridonian  strata,  and  by  which  such 
a  profound  modification  of  structure  has  been  induced  in  the 
basic  dykes  and  gneisses,  are  well  developed  in  this  area.  In  the 
tract  which  lies  to  the  south  of  Scourie  two  main  directions  of 
these  movements  are  observable,  one  trending  about  north-west 
and  south-east  and  the  other  nearly  east  and  west. 
The  lines  of  disruption  which  run  towards  north-west, 
roughly  parallel  to  the  direction  of  the  principal  basic  dykes, 
and  often  coincident  with  them  for  long  distances,  are  perhaps 
the  earlier  of  the  two  series.  A  marked  example  of  them  occurs 
in  the  large  dyke  between  Scourie  and  Scourie  More,  which 
usually  consists  of  a  massive  rock  50  yards  in  width.  South  of 
the  Scoiirie  road,  however,  it  has  been  converted  into  a  thin  band 
of  hornblende-schist,  onlv  a  few  vards  wide,  bv  a  movement-line 
nearly  parallel  to  the  course  of  the  dyke.  Occasionally  the 
north- westorlv  shear-lines  are  unconnected  with  dykes.  The 
east  and  west  lines  of  movement,  however,  are  the  most 
jnomineut.  Most  of  them,  as  they  approach  the  coast,  incline 
more  to  the  .south  of  west,  so  that  the  direction  becomes  20^  or 
30°  south  of  west.  An  excellent  instance  may  be  traced  inland 
for  two  miles  from  Duartbeg,  about  a  mile  south  of  Badcall  Bay. 
The  dykes  on  the  north  side  of  tnis  thrust  are  apparently  shifted 
at  least  a  mile  to  the  westward  of  their  usual  course.  Other 
examples  of  displacement  of  the  basic  dykes  occur  in  the  area 
south  of  Loch  na  h-Airdh  Sleibhe  (one  and  three-quarter  miles 
E.S.E.  of  Scourie),  where  the  movement-lines  run  east  and 
west,  and  are  particularly  numerous  on  the  east  side  of 
Loch  Bad  nam  Mult.  They  are  not  always  straight  nor  of  the 
same  width  ;  occa.sionally  they  branch  and  again  unite,  thus 
enclosing  lenticular  pieces  of  still  granular  gneiss.  The  large 
shear-zone  north-east  of  Loch  na  Beisto  Brice  (three  and  a  half 
miles  S.R.E.  of  Scourie),  which  is  about  1*30  yards  in  width  and 
includes  a  band  of  limestone,  sj)lits  up  to  the  eastward  into  a 
great  number  of  minor  lines  of  movement,  most  of  which  die  out 
or  become  unim])ortant,  while  its  north  and  south  margins 
continue  as  two  great  lines  of  disi-uption  about  200  vards  apart. 
The  limestone  just  referred  to  is  a  lenticular  mass  tapering  off 
bcth   in   an   K.iV.K.   and   W.S.W.   direction,   its  length  being 
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about  a  quarter  of  a  mile  and  its  greatest  breadth  25  yards. 
Like  all  the  adjacent  sheared  material,  it  is  vertical.  Two 
specimens  of  this  rock  have  been  examined  microscopically. 
One  (4646)  is  a  coarse-grained  somewhat  brownish  aggregate  of 
grains  of  ferriferous  carbonate,  together  with  some  chlorite  and 
a  colourless  mica.  Another  specimen  (4894)  ia  a  coarse-grained 
foliated  rock  largely  composed  of  oalcite,  biotite,  and  homolende, 
with  epidote  as  an  accessory. 

Much  vein-quartz  has  been  developed  in  places  along  these 
movement-lines.  A  fine  example  of  this  is  shown  in  Plate 
XXIII.,  which  represents  a  part  of  the  shear  zone  near  the  north 
end  of  l4>ch  na  Coille,  about  three  miles  and  a  quarter  south  of 
Scourie.  In  some  places  the  veins  are  themselves  schistose 
parallel  to  their  sides. 

From  the  south  slope  of  Ben  Dreavie  to  near  Ben  Strome,  a 
considerable  tract,  nearly  two  miles  broad,  is  almost  free  from 
such  thrusts.  The  two  lines  of  disruption  which  bound  it 
gradually  approach  each  other  westwards,  until  the  breadth  of 
less  altered  gneiss  between  them  on  the  sea  coast  is  only  about  a 
quarter  of  a  mile.  The  thrusts  seem  not  unfrequently  to  die  out 
in  an  east  or  north-east  direction :  there  are,  for  instance,  many 
sheared  bands  on  the  coast  at  and  near  Creag  a'  Mhail,  Scourie, 
which  cannot  be  followed  half  a  mile  inland. 

In  most  districts  the  thrusts  and  limbs  of  fold  near  them  are 
nearly  vertical.  In  the  south  part  of  the  south-west  belt  they 
sometimes  hade  to  north — a  remarkable  feature  in  view  of  the 
S.S.W.  inclination  of  nearly  all  the  axial  planes  of  fold  in  the 
middle  and  north-east  belts.  About  300  yardrf  south-east  of 
Loch  Dubh  a'  Chnoic  Ghairbh  (one  and  a  quarter  miles  north-west 
of  Kylesku),  a  thrust  in  some  places  dips  north-west  at  30^ 
degrees,  and  in  other  places  is  nearly  horizontal. 

Along  many  thrusts,  the  dykes  are  broken  into  wedges,  the 
sides  of  which  represent  crush-lines,  so  that  the  intrusive 
character  of  the  rock  is  no  longer  apparent.  In  the  thrust  on 
the  north  side  of  Loch  a'  Ghille  Ruaidh  (one  mile  north  of 
Kylesku),  at  least  four  dyke  stripes  may  be  seen  near  the  north- 
east end  of  the  loch.  As  the  broken  or  ruptured  rocks  are  often 
finely  sheared,  it  is  probable  that  the  ruptures  took  place  towards 
the  close  of  the  movements.  In  other  cases  the  evidences  oi 
rupture  are  less  pronounced,  and  the  zones  of  alteration  perhaps 
represent  merely  areas  of  sharp  contortion.  From  the  prevalence 
of  foliation  in  the  dykes  in  the  middle  belt,  even  where  no 
ruptures  have  been  detected,  it  is  inferred  that  foliation  may  often 
have  been  induced  in  dykes  in  consequence  of  folding.  In  the 
granulitic  bands  in  the  south-west  belt  the  foliation  in  some  of 
the  dykes  may  also  have  been  first  set  up  during  a  period  of 
folding. 

It  seems  probable  that  in  places  where  groups  of  close  folds 
traverse  vertical  dykes  which  originally  ran  diagonally  to  the 
strike  of  the  axes  of  plication,  the  course  of  each  dyke  has  been 
bent,  so  as  to  make  a  less  angle  with  these  axes.      If  we  take  a 
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sheet  of  paper  and  draw  parallel  black  lines  on  it  to  represent 
dykes  running  in  a  north-west  direction,  and  then  fold  the  middle 
strip  of  the  sneet  into  small  folds  wiUi  axes  striking  east  and 
west,  it  will  be  seen,  that,  (1)  the  effect  of  the  plication  is  to 
deflect  the  direction  of  the  dykes  and  bring  it  nearer  to  east  and 
west,  (2)  the  changed  paths  of  the  dykes  run  in  a  westerly — not 
easterly — direction  from  their  prolongations  on  the  south  side, 
(3)  the  dykes  are  diminished  in  breadth  in  the  folded  area  in 
proportion  to  the  closeness  of  the  folds. 

As  a  general  rule  the  dykes  are  shifted  westward  on  the  north 
side  of  the  thrusts,  which  is  what  might  be  expected,  even  if  no 
actual  rupture  had  occurred.  A  mile  and  a  third  E.S.E.  of 
the  top  of  Ben  Auskaird,  the  gradual  bending,  thinning,  and 
production  of  foliation  in  a  broad  dyke  near  a  line  of  disruption 
can  be  clearly  seen.  About  20  to  30  yards  on  either  side  of  the 
thrust,  the  dyke  averages  50  yards  in  width,  but  in  the  deflected 

rortions  it  is  only  three  or  four  feet.  Indeed,  for  a  distance  of 
60  yards  within  the  shear  zone,  no  dyke-rock  can  be  seen,  but  red 
crush-strings  appear  in  the  granulitic  gneisses,  striking  parallel 
to  the  axes  of  folding.  Further  west,  three-quarters  of  a  mile 
south  of  Ben  Auskaird,  the  evidence  for  the  gradual  bending  of 
this  dyke  on  the  north  side  of  the  disruption  is  less  satisfactory, 
and  the  rupture  there  is  probably  greater. 

Tt  is  important  to  note  that  in  those  cases  where  dykes  have 
apparently  been  driven  westward,  on  the  north  side  of  a  thrust, 
the  lines  of  stretching  or  elongation  of  minerals,  both  in  the 
foliated  dykes  and  granulitic  gneisses,  are  generally  diagonal, 
with  their  lower  ends  on  the  obseiTer's  right  hand  as  he  faces  the 
north.  On  the  other  hand,  iu  those  rarer  cases,  where  the  dykes 
have  been  shifted  eastward,  the  lines  of  stretching  are  generally 
diagonal,  with  their  lower  ends  on  the  obsei-ver's  left  hand  as  he 
faces  the  north.  These  latter  phenomena  ai*e  seen  in  the  most 
southerly  of  the  thrusts  which  affect  the  broad  dyke  in  Creag  a' 
Mhail,  north  of  Scourie  Bay,  about  160  yards  east  of  the  west 
point  of  the  Creag,  and  more  clearly  close  to,  and  about  350  yards 
north  west  of,  the  north-west  end  of  Lochain  Bealach  an  Eilein. 
In  some  thrusts,  the  dykes  show  no  lateral  displacement  but  are 
cut  into  stripes  separated  by  granulitic  gneisses,  and  with  their 
long  axes  parallel  to  the  plane  of  disruption,  an  example  of 
which  is  seen  about  700  yards  east  of  Cnoc  na  Glaice  Moire  (two 
miles  E.N.E.  of  Scourie). 

A  further  feature  connected  with  the  movements  which  have 
taken  place  along  the  lines  of  the  dykes  is  well  displayed  by 
some  examples  in  this  district,  where  the  gneisses  next  to  the 
intrusive  rock  have  been  involved  in  the  changes  of  dip  and 
structure.  Thus,  in  the  case  of  the  dyke  which  occurs  at  Creag 
a'  Mhail,  near  Scourie,  Mr  Teall  has  noted  that  "  the  original 
character  of  the  junction  has  been  to  a  certain  extent  modified  bv 
subsequent  movement  more  or  less  parallel  with  the  margin  of 
the  dyke.  This  is  indicated  l)y  the  curving  upward  of  the  folia 
of  the  gneiss  and  by  a  change  in  structure  from  granitic  to 
granulitic,  as  represented  in  Plate  XXI.       At  the  point  where 
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ihe  photograph  reproduced  in  this  Plate  was  taken,  a  zone  of 
disturbance  crosses  the  dyke  obliquely,  and  can  be  followed  into 
the  gneiss.  Its  course  is  indicated  by  quartz-veins,  and  the 
conversion  of  the  massive  rock  of  the  dyke  (which  is  here  an 
epidiorite)  into  a  hornblende-schist.  The  surrounding  or 
*  country '  rock  is  a  biotite-gneiss." 

Ae  they  approach  the  thrusts  the  less-altered  gneisses  may 
often  be  observed  gradually  to  change  their  strike  and  dip,  so  as 
to  become  parallel,  or  almost  parallel,  to  the  strike  of  the 
conti^ous  granulitic  bands,  while,  coincident  with  the  alteration 
iu  strike,  changes  in  lithological  structure  gradually  appear.  The 
gneiss  is  usually  sharply  folded  along  axial  planes  parallel  to  the 
strike  of  the  gianulitic  bands.  In  this  plicated  zone  the  old 
broad  bands  in  the  gneiss  are  considerably  thinned  and  modified 
in  structure,  but  they  can  often  be  recognised,  especially  near  the 
axes  of  fold,  where  there  has  been  less  drag  than  in  the  limbs. 
Parallel  to  ^e  axial  planes  of  folia,  or  sometimes  parallel  to  an 
adjacent  line  of  rupture,  a  second  foliation  is  set  up  which 
obscures  the  early  banumg.  But  in  places  where  there  nas  been 
a  distinct  banding  in  the  gneiss  before  the  movements  began, 
that  banding  is  not  wholly  destroyed,  except  in  the  lines  of 
rupture  which  occur  within,  or  at  tne  sides  oi,  the  folded  areas. 
In  some  places  the  modified  old  banding  is  parallel  to  the  second 
foliation,  and  also  to  various  lines  of  rupture,  and,  in  such  cases, 
it  is  uncertain  whether  some  streaks  represent  lines  of  rupture 
or  old  bands  with  a  greatly-modified  structure.  But  it  is  rare  to 
find  exposures  more  than  a  few  yards  wide  wherein  the  old 
banding  cannot  be  recognised.  The  foliation  in  most  parts  of 
the  granulitic  gneisses  represents  an  old  banding  which  existed 
before  these  gneisses  acquired  their  granulitic  structure,  just  as 
the  banding  in  schist  of  sedimentary  origin  represents  an  old 
banding  (bedding).  The  old  bands  have,  however,  in  both  cases 
been  intensely  altered  in  physical  arrangement  and  lithological 
structure. 

The  apparent  amount  of  the  displacement  of  dykes  along  the 
same  line  of  disruption  varies  considerably,  as  shown  in  the  case 
of  the  Ben  Strome  thrust.  From  half  a  mile  E.N.E.  of  the 
top  of  Ben  Sti'ome,  north  of  Loch  Glendhu,  a  thin  finely  schistose 
dyke  runs  in  an  east  or  slightly  north  of  east  direction  along  the 
line  of  movement.  Further  west,  the  predominant  materials 
in  this  thrust  are  flinty  crush  rocks,  some  of  which  seem  to  have 
been  made  out  of  the  gneiss  and  others  from  the  basic  dykes. 
The  apparent  amount  of  displacement  of  this  schistose  dyke  can- 
not there  be  less  than  a  mile  and  a  quarter.  Again,  a  little 
N.N.E.  of  Loch  Allt  nan  Ramh  (one  and  three-quarter  miles 
If.N.W.  of  Kylesku)  the  apparent  displacement  along  the  same 
thrust  is  not  more  than  a  third  of  a  mile.  Nearly  three-quarters 
of  a  mile  slightly  west  of  north  of  the  outlet  of  the  same  loch  it  is 
not  appreciable,  but  by  Loch  Eucail  it  again  becomes  consider- 
able. 

Some  of  the  phenomena  seen  along  this  Ben  Strome  thmst 
recall  those  observed  in  parts  of  Argyleshire,  where  groups  of 
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parallel  basalt  dykes  approach  older  planes  of  disruption.  The 
dykes  follow  these  crush  lines  often  for  considerable  distances 
with  diminished  thickness.  They  have  also  been  affected  by 
renewed  movements  along  the  same  lines  of  weakness,  but  they 
have  never  been  converted  into  schists  or  into  flinty  rocks  like  the 
pre-Torridonian  dykes.  The  difficulty  of  explaining  the 
variation  in  the  displacement  of  dykes  would  be  lessened,  if  we 
might  suppose  that  a  line  of  weakness  already  existed  alonff  the 
thrust,  before  the  intrusion  of  the  dykes,  and  that  certain  dykea 
followed  this  path  for  varying  distances.  The  movements  that 
followed  might  efface  the  evidence  of  such  an  earlv  line  of 
weakness.  If  such  a  disruption  did  exist,  the  interval  between 
its  formation  and  the  intrusion  of  the  dykes  may  have  been 
considerable,  and  it  is  not  necessary  to  suppose  that  at  the  time 
of  the  intrusion  any  movement  was  in  progress  along  the  line. 

In  a  few  places  the  dykes  have  been  folded  after  they  were 
already  in  a  foliated  condition,  an  example  of  which  occurs  on 
the  south-east  side  of  Gorm  Loch  (three  and  a  half  miles  east  of 
Scourie) . 

In  the  noi-th-east  part  of  the  middle  belt,  particularly  near  and 
in  some  broad  yellow- weathering  bands  of  crushed  gneiss  which 
run  W.N.W.  from  Loch  na  Seilge  to  near  Loch  na  Claise  Feama, 
the  dykes  are  frequently  crumpliMi,  displaced,  or  represented  by 
rows  of  lenticles.  In  some  cases  the  constrictions  between 
adjacent  lenticles  are  probably  due  to  thrust  or  crush-lines  which 
have  broken  across  an  intrusion  that  was  originally  of  reeular 
dyke  shape.  In  other  cases  the  lenticles  lie  in  Knes  parallel  to 
tne  directions  of  the  chief  movements  in  the  locality.  A 
remarkable  string  of  lenticles  of  this  kind  occurs  two-thirds  of  a 
mile  W.S.W.  of  Cnoc  Had  na  h-Achlaise  and  half  a  mile  E.S.E. 
of  the  north-east  end  of  ( Jonn  Loch,  the  largest  of  which  is  about 
100  yards  long  and  '50  yards  broad. 

In  many  places,  particularly  in  the  middle  belt,  the  foliation 
crosses  the  sides  of  dykes  for  ^r(»at  distances,  and  is  parallel 
either  to  the  early  banding  of  the  gneiss  (in  a  modified  form),  or 
to  a  second  foliation  which  crosses  tliat  banding  in  a  direction 
parallel  to  the  axial  planes  of  fold.  The  later  foliation  in  the 
gneiss  corresponds  to  that  in  the  dykes,  and  the  schistosity 
common  to  both  must  have  been  produced  at  the  same  time. 
Where  the  foliation  in  the  dyke  agrees  in  direction  with  the 
early  banding  of  the  gneiss,  then  the  latter  is  not  in  its  original 
condition,  but  represents  both  the  early  banding  and  a  second 
foliation  which  locally  agrees  in  direction  with  the  early  banding, 
just  as  bedding  and  foliation  often  coincide  in  foliated 
sedimentary  rocks. 

The  movements  which  were  accompanied  by  the  granulitisation 
of  the  gneiss  and  the  foliation  of  the  dykes  were  succeeded  by 
others  which  mylonised  the  rocks,  or  which  produced  compact 
flinty  material.  The  former  condition  chieily  presents  itself  in 
the  granite-gneisses  and  j)egmatites  in  the  north-ea.st  belt,  while 
the  latter  appears  most  commonly  in  the  south-west  district.       A 
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red  granite-gneiss  in  the  headland  nearly  a  third  of  a  mile  north- 
west of  Eilean  Port  a'  Choit  is  myloniaed  in  several  bands,  a  few 
inches  thick,  nearly  parallel  to  the  old  foliation  planes.  The 
matrix  of  the  bands  is  extremely  fine  grained,  but  it  encloses 
various  small  eyes  of  red  felspar,  and  the  movement  planes 
display  a  faint  sericitic  lustre.  Granite-gneiss  bands  in  a 
partially  mylonised  condition  occur  also  in  the  follow- 
ing places:  three-quarters  of  a  mile  E.N.E.  of  Loch 
Stack  Lodge,  300  yards  south-east  of  Eilean  Port 
a'  Choit  (at  the  head  of  Loch  Laxf  ord) ,  a  third 
of  a  mile  and  350  varda  S.S.W.  of  Badcall  Quay,  300  yards 
and  about  1000  yards  slightly  north  of  west  of  Laxford  Bridge, 
and  a  third  of  a  mile  S.S.W.  of  the  foot  of  Alttan  Habhail,  a 
tributary  of  the  River  Laxford.  In  the  first  three  of  these 
localities,  pegmatites  have  also  been  partly  mylonised  and 
converted  into,  fissile  schists  with  parallel  red  and  white  streaks. 
In  the  last  two  localitieis  this  type  of  deformation  occurs  in  dykes 
foliated  parallel  to  the  side,  and  as  the  mylonised  bands  are  like- 
wise parallel  to  the  mai^ins  of  these  intrusions,  it  is  evident  that 
the  dykes  formed  lines  of  weakness  along  which  movements 
were  repeated.  Throughout  the  north-east  belt  the  effects  of 
such  movements  are  more  conspicuous  in  the  granite-gneisses 
and  pegmatites  than  in  the  gneisses  of  the  early  complex. 

Along  the  Ben  Strome  line  of  disruption  flinty  crush  rocks  are 
especially  abundant  in  the  part  between  a  third  of  a  mile  E.N.E. 
of  the  top  of  Ben  Strome  and  Allt  n»  h-jUrbh,  whilst  further  east 
the  materials  in  the  thrust  are  finely  foliated  or  grauulitic,  but 
show  less  cataclastic  structure.  It  is  possible  that  the  granulitic 
and  flinty  crush  rocks  were  being  formed  simultaneously  in 
difFereiit  parts  of  the  same  line  of  movement,  but  it  is  also  pos- 
sible that,  as  in  other  ■localities,  the  rocks  were  first  granulitised 
or  finely  foliated,  and  then  subsequently  crushed,  and  that  this 
later  deformation  has  in  certain  places  destroyed  the  evidences 
of  the  earlier  stages  of  alteration. 

In  the  middle  belt  various  hauu.s  of  yellow-weathering  nyritous 
gneiss,  often  with  small  red  garnets,  are  crossed  by  lines  of 
fracture,  most  of  which  run  neariv  parallel  with  the  strike  of  the 


Fill.  6  (i^). ^Gneiss  with  a  bund  that  has  been  sharply  contorted,  pro- 
bably in  coasuqueDce  of  the  rucks  un  one  side  having  been  moved  past  th<>8e 
oil  the  other.  lUther  more  than  a  third  of  a  mile  N.N.E.  of  the  outlet  of 
Gomi  Loch. 

early  banding.  These  bands  often  give  rise  to  little  valleys  or 
tracts  which  are  smoother  than  the  surrounding  areas.  One 
forms  a  flattish  strip  about  half-way  up  the  north-east  side  of 
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Ben  Stack,  and  can  be  followed  from  Airdachuilinn  past  Loch  na 
Seilge  and  the  head  of  Loch  an  t-Seana  Phuill  to  the  coast  near 
Tarbat  (one  mile  south-west  of  Loch  Laxford),  the  width, 
between  the  two  lochs  mentioned,  varying  from  100  to  200  yards. 
In  some  of  these  eneisses  considerable  movement  has  taken  place 
along  some  of  the  foliation  planes.  Between  two  parallel 
straieht  band^  of  gneiss  a  narrow  stripe  mav  occasionally  be 
noted,  in  which  the  laminae  are  contorted  along  axial  plan&s 
which  strike  at  a  considerable  angle  against  the  even  gneiss  on 
either  side.  An  arrangement  of  this  kind  is  well  seen  near  the 
bum  rather  more  than  a  third  of  a  mile  N.N.E.  of  the  outlet  of 
Gorm  Loch,  three  and  a  half  miles  east  of  Scourie. 


CHAPTER  X. 

KYLESKU   TO   LOCH   BROOM.* 

This  district  extends  from  Kylesku  and  Loch  a'  Chaim  Bhain 
ill  the  north  to  the  Coigach  mountains  north  of  Loch  Broom  in 
the  south.  Bounded  on  the  east  and  south  by  the  great  escarp- 
ment of  Torridon  Sandstone  that  stretches  from  the  hills  beyond 
Quinaig,  south  by  Canisp  and  Cul  Mor  to  Coigach,  the  total  area 
occupied  by  the  Lewisian  gneiss,  west  of  the  post-Cambriau 
displacements,  amounts  to  about  120  square  miles.  Though 
outlying  masses  of  Torridon  Sandstone  appear  to  the  west  of  me 
main  escarpment,  as  for  instance  at  Stoer  and  on  Suilven,  the 
Lewisian  gneiss  is  continuous  between  Loch  a'  Chairn  Bhain 
and  Loch  Enard,  south  of  Loch  Inver. 

This  tract  is  characterised  by  a  succession  of  bare  domes  and 
ridges  of  rock,  enclosing  numerous  lochs  and  tarns,  being 
remarkably  destitute  of  drift  save  in  the  area  north-west  of 
Quinaig.  Though  drained  by  the  Inver  and  the  Kirkaig  and 
their  small  affluents,  it  does  not  possess  a  well-defined  valley 
system.  In  the  neighbourh(X)d  of  Stoer  and  south  of  Locn 
Inver,  the  undulating  rocky  plateau  rises  to  a  height  of  500  feet. 
Eastwards,  however,  as  we  approach  the  Torridon  escarpment 
the  elevation  gradually  increases  till  it  reaches  1000  feet  on 
Suilven,  1500  feet  on  Canisp,  and  about  2000  feet  on  Quinaig. 
In  this  district  there  are  relics  of  tne  })re-Torridonian  topography 
which  are  so  conspicuously  developed  in  the  region  north  of  Loch 
Maree.  The  best  example  occui's  on  the  north-west  slope  of 
Quinaig,  where  a  pre-Torridon  hill,  about  700  feet  high,  projects 
through  the  lower  and  is  overlapped  by  the  higher  members  of 
the  red  sandstone  series. 

One  of  the  prominent  characteristics  of  the  topography  of  the 
area  west  of  the  great  escarpment  is  the  number  of  straight 
features,  often  traceable  for  long  distances,  largely  deteimined 
by  normal  faults,  lines  of  thrust  and  the  trend  of  intrusive  dykes. 

Within  the  belt  affected  by  the  post-Cambrian  movements, 
the  Lewisian  gneiss  reappears  above  the  Glen  Coul  and  Ben  More 
thrust-planes,  forming  detached  masses,  which  together  cover  an 
area  of  about  15  square  miles.  Here  the  average  elevation  is 
higher  than  in  the  undisturbed  area  to  the  west,  and  in  the  wild 
corries  round  Ben  More  the  gneisses  with  their  intrusive  dykes 
give  rise  to  gigantic  cliffs,  ranging  in  height  from  500  to  1500 
feet. 

♦  By  B.  N.  Peach  and  J.  Home,  with  notes  by  L.  W.  Hinxman.  The 
district  described  is  comprised  in  Sheets  101,  102,  107,  and  108  of  the 
Geological  Survey  Map  of  Scotland  on  the  scale  of  (irhnr)  oi^e  inch  to  a  mile. 
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GENERAL  SKETCH   OF  THE   LEWISIAN   ROCKS. 

In  summarising  the  history  of  the  Lewisian  rocks  in  the 
district  west  of  the  escarpment  of  Torridon  Sandstone,  reference 
may  be  made,  first,  to  the  original  members  of  the  Fundamental 
Complex,  second,  to  the  sequence  of  dykes  intrusive  in  that 
complex,  and,  third,  to  the  series  of  pre- Torridonian  movements 
which  affected  alike  both  dykes  and  gneiss. 

Over  a  large  part  of  the  area  between  Loch  a'  Chaim  Bhain 
and  Enard  Bay  south  of  Loch  Inver,  the  members  of  the 
Fundamental  Complex  still  possess  many  of  the  characters  of 
original  igneous  rocks,  comprising  ultra- basic,  basic,  and  more 
acid  types.  Of  these  groups,  the  first,  including  pyroxenites 
and  hornblendites,  form  here  only  an  insignificant  part  of  the 
series;  the  second,  containing  pyroxene  granulites  and  garnet 
amphibolites,  are  much  more  largely  represented;  while  the 
third,  consisting  of  quartzose  pyroxene  gneisses,  constitute  the 
main  portion  of  tne  unmodified  gneiss  of  the  region. 
Structurally  they  occur  either  as  massive  rudely-foliated  igneous 
rocks,  or  as  banded  gneisses  in  which  the  constituents  have  a 
parallel  or  wavy  arrangement.  The  ultra-basic  rocks  generally 
form  lenticles  traceable  for  no  great  distance,  and  tne  basic 
masses,  though  often  in  part  free  from  banding,  have  frequently 
a  rude  foliation  which  usually  coincides  with  that  of  the 
contiguous  pyroxenic  gneiss. 

A  notewoii;hy  feature  of  the  quartzose  pyroxenic  gneiss, 
conspicuously  displayed  on  the  south  shore  of  Loch  a'  Chaim 
Bham,  on  the  sea-cliffs  near  Lochinver,  and  eastwards  near 
Little  Assynt,  is  the  contortion  and  overfolding  of  the  respective 
folia,  which  are  truncated  by  })Ianes  oblique  to  the  minute 
flexures.  In  1888*  these  phenomena  were  ascribed  to  a  gradual 
movement  and  piling  up  of  the  materials  as  the  plutonic  rocks 
underwent  enormous  pressure  when  in  a  solid  form.  But  the 
researches  of  Sir  A.  Geikiet  and  Dr.  Teall  strongly  support  the 
conclusion  that  these  structures  must  have  been  developed  before 
the  final  consolidation  of  the  rock  masses. 

AVhere  not  deformed  by  ])re-Torridon  movements  the  original 
gneisses  of  the  complex  are  arranged  in  gentle  anticlines  and 
synclines,  the  axes  of  which  usually  run  N.N.E.  and  S.S.W.  or 
north-east  and  south-west,  the  outcrops  of  the  successive  bands 
forming  parallel  escarpments.  After  the  development  of  the 
early  foliation  and  the  gentle  folding,  the  original  gneisses  of 
this  district  were  pierced  by  two  sets  of  dyke  intrusions.  The 
earlier  group,  comprising  rocks  of  ba.'^ic  and  intermediate  types, 
ranging  from  hyperite,  gabbro,  and  diabase  to  biotite-diorite,  is 
by  far  the  most  important  and  has  the  largest  development. 
Crossing  the  plateau  of  Lewisian  gneiss,  generally  in  a  W.N.W. 
direction,  thev  clearlv  display  their  intrusive  character  in  the 

*** Report  on  the  Recent  Work  of  the  Geologicnl  Survey  in  the  North- 
West  Highlands  of  Scotland,"  Quart,  Jmim.  Geol.  Soc,  vol.  xliv.,  p.  389. 

t  **0n  the  Banded  Structure  of  some  Tertiary  Gabbros  in  the  Isle  of 
Skye,"  Quart,  Joum.  Geol.  Soc,  vol.  1.,  p.  G45. 
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unmodified  areas.  Those  of  the  later  group,  including  ultra- 
basic  rocks  (picrites),  cut  the  earlier,  and  their  trend  is  more 
nearly  east  and  west.  This  slight  change  in  the  direction  of  the 
picrite  dykes  implies  a  corresponding  change  in  the  trend  of  the 
earth  stresses  that  gjave  rise  to  these  fissure  eruptions. 

After  the  eruption  of  these  igneous  materials,  the  area  was 
subjected  to  mechanical  movements,  whose  effects  are 
conspicuously  developed  in  this  region.  The  members  of  the 
Fundamental  Complex  were  folded  on  vertical  axes  which  trend 
in  certain  definite  directions  irrespective  of  the  gentle  anticlines 
and  synclines  that  preceded  these  movements.  The  folding  was 
accompanied  by  disruption  lines  or  thrustr planes  which  deflected, 
attenuated,  and  deformed  the  dykes  and  developed  new  structures 
in  the  gneiss.  Within  the  zone  of  folding  the  reconstruction 
of  the  gneiss  may  be  partial  and  may  be  confined  to  a  modifica- 
tion of  the  constituent  bands  along  the  old  foliation  planes. 
Sometimes  an  incipient  newer  foliation  is  developed  at  an  oblique 
angle  to  the  older  one,  that  is  rudely  parallel  to  the  axial  planes 
of  flexure  or  to  adjacent  lines  of  movement.  Sometimes  the 
reconstruction  of  the  gneiss  is  so  complete  that  new  divisional 
planes  have  been  set  up  and  the  lithological  character  of  the  rock 
nas  been  changed.  Hence  we  find,  within  these  belts  of  later 
flexure  and  shear-zones,  granulitic  gneisses  with  hornblende 
and  biotite,  while  beyond  these  limits  the  quartzose  pyroxenic 
gneisses  with  their  ultra-basic  and  early  basic  masses  are 
characteristically  developed. 

Coincident  with  these  modifications  of  the  gneiss,  structural 
changes  appear  in  the  dykes.  All  the  various  stages  between 
the  massive  basic  dyke  and  hornblende-schist,  so  well  developed 
in  the  Scourie  district,  and  between  the  unaltered  picrite  and 
talcose-schist  are  here  admirably  displayed. 

Finally,  there  is  conclusive  evidence  that  the  eruption  of  the 
basic  and  ultra-basic  dykes  and  the  widespread  series  of  move- 
ments that  affected  both  the  gneiss  and  dykes  were  completed 
before  the  deposition  of  the  basal  breccias  of  the  overlyincr 
Torridon  Sandstone.  -     ^ 

ULTRA-BASIC   ROCKS. 

In  the  present  district  these  rocks  have  only  a  limited  develop- 
ment, seeing  that  they  are  restricted  to  small  lenticles,  bosses,  or 
knots  in  the  quartzose  pyroxenic  gneiss  in  the  unmodified  areas. 
The  largest  mass  occurs  on  the  north  shore  of  Loch  Dhrombaig, 
six  and  a  half  miles  north  of  Lochinver,  where  it  forms  the 
margin  of  that  loch  for*  one-third  of  a  mile,  and  stretches 
north- west  in  irregular  tongues  for  half  a  mile.  Its  lithological 
characters  are  variable :  in  some  portions,  pyroxenic  minerals 
predominate  with  more  or  less  olivine ;  in  others,  hornblende  is 
the  chief  constituent.  Garnets  are  abundant  in  places. 
Specimens  taken  from  a  quarter  of  a  mile  west  of  the  village  of 
Drumbag  (Slides  Nos.  3396,  3403,  3411,  3415)  are  referred  by  Dr. 
Teall  to  me  olivine-hornblende-pyroxenite  group  (Gftoup  I.  A). 


158  Ttie  Lewisian  Gneiss, 

Others  taken  from  the  western  extension  of  the  mass,  at  ihe 
sudden  bend  of  the  road,  are  described  as  garnet  amphibolite 
(III.  A.)  and  homblendite  with  pale-green  hornblende  (I.  B.). 
In  this  mass,  which  is  more  or  less  distinctly  foliated,  the 
direction  of  the  foliation  runs  parallel  to  that  of  tne  surrounding 
gneiss.  The  irregular  outlines  of  the  mass  suggest  the  folding 
of  the  gneisses  at  an  early  stage  of  the  original  complex. 

Rocks  allied  to  the  banded  pyroxenites  occur  at  intervals  over 
the  rocky  plateau  between  Quinaig  and  Stoer,  as,  for  instance,  on 
the  north  arm  of  Gorm  Loch  Mor,  on  the  west  side  of  the  northern 
arm  of  Loch  Poll,  and  again  between  Loch  Poll  and  Clashnessie 
Bay.  In  most  of  these  examples  they  appear  as  thin  foliated 
lenticles,  banded  with  the  grey  pyroxenic  gneiss.  One  instance 
on  the  north  margin  of  Loch  na  Bruthaich  (one  mile  norfli-east 
of  Clashnessie)  is  a  homblendite  with  pale-coloured  hornblende 
in  aggregates.     (I.  B.,  No.  3402.) 

An  important  mass  of  homblendite,  about  a  quarter  of  a  mile 
long,  occurs  on  Fairait  Mhor,  two  and  a  half  miles  W.N.W.  of 
Lochinver,  where  it  has  been  quarried  for  millstones.  The 
rock  is  almost  flat  and  intercalated  in  and  folded  with  the 
pyroxenic  gneiss.  Like  other  lenticles  of  the  same  material,  this 
mass  is  cut  by  one  of  the  north-west  basic  dykes  and  traversed  by 
shear-zones.  Again,  one  mile  south  of  Lochinver  and  a  quarter 
of  a  mile  south  of  Loch  na  Doire  Daraich,  a  sheet  of  ultra-basic 
rock,  about  50  feet  thick,  forms  a  crag  near  the  hill-top.  It 
belongs  to  the  pyroxenite  group,  and  is  there  interbanded  with 
the  grey  pyroxenic  and  hornblendic  gneisses,  both  rocks  having 
a  common  dip.  At  the  extreme  north-west  end  of  Suilven  a 
band  of  soft  ultra-basic  rock,  in  which  lies  a  chain  of  lochans,  is 
traceable,  and  again  at  the  southern  limit  of  this  district,  at  the 
eastern  end  of  Loch  an  Gainmheach,  south-west  of  Cul  Mor,  two 
irregularly- shaped  masses  of  ultra-basic  rock  show  more  or  less 
alteration  into  serpentine.  On  the  islands  half-way  down  Loch 
Assvnt  and  at  Kvlesku  Ferr\',  lenticles  of  ultra-basic  rock 
appear ;  in  the  latter  case  they  have  been  referred  to  oli vine- 
hornblende  pyroxenites  and  hornblende  pyroxenites  (Group  I. 
A.).  Other  examples  mip:ht  be  quoted  which  have  been 
recorded  on  the  six-inch  maps,  but  these  are  sufficient  to  show 
that,  while  these  rocks  form  an  insignificnnt  part  of  the  complex, 
they  occur  at  intervals  throughout  this  district. 

In  addition  to  these  laro^er  bands  and  lenticles,  innumerable 
lumps  and  knots  occur  in  the  grey  gneiss,  from  a  few  feet  to  a 
few  inches  in  diameter,  consisting  mainly  of  homblendite,  which 
are  analogous  to  the  basic  knots  in  the  granite  of  Criffel.  in 
Galloway,  and  may  probably  have  had  a  similar  origin. 

EARLY    BASIC    ROCKS. 

The  members  of  this  group  have  a  much  larger  development, 
and  are  represented  by  h\^iersthene-augite  plagioclase  rocks 
(II.    Al),    by    augite-plagioclase    rocks    (II.    A2),  by    garnet 
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amphibolite  (III.  Ale),  and  pyroxene  granulite.      The  distribn- 
.tion  and  relations  of  some  of  the  more  prominent  masses  may 
here  be  indicated. 

About  two  miles  south-west  of  the  village  of  Lochinver,  on  the 

Cromontory  of  Baddinaban,  a  grey  basic  mass  may  be  seen, 
aving  an  even  texture  with  dark  streaks  full  of  small  garnets, 
which  are  sometimes  crowded  together.  It  is  well  exposed 
on  the  cliffs  on  the  south  side  of  Strathan  Bay  and  at  the  little 
boat  harbour  at  Baddinaban,  where  it  is  rudely  banded  and  in 
general  appearance  resembles  a  massive  igneous  rock.  It  is 
traversed  by  several  of  the  north-west  basic  dykes,  the  latter 
having  chilled  margins  along  their  course.  In  this  eruptive 
mass  Dr  Teall  has  identified  two  types  of  rocks,  (1)  dark 
medium-grained,  containing  hypersthene,  augite,  and  plagio- 
clase,  with  and  without  garnets,  the  variety  without  garnet  being 
a  typical  example  of  the  Baltimore  gabbros;  and  (2)  augite- 
plagioclase  rocks  without  hypersthene.  It  is  noteworthy  that 
the  grey  acid  pyroxenic  gneiss  traverses  this  basic  rock  in 
anastomosing  vems,  without  chilled  mar^s,  which  become 
banded  and  interlaced  with  the  basic  material. 

About  four  miles  north-west  of  Lochinver  and  one-third  of  a 
mile  south  of  Loch  a'  Ghleannan  Shalaich,  another  prominent 
area  of  early  basic  material  appears,  embracing  different  Irpes  of 
rock.  Its  long  axis,  measuring  about  half  a  mile  in  lengtn,  runs 
north-east  and  south-west,  and  varies  in  breadth  from  100  to  400 
yards.  At  the  south-east  end  it  is  rudely  foliated,  the  strike  of 
the  foliation  being  north-east  and  south-west  in  common  with 
that  of  the  surrounding  pyroxenic  gneiss.  Specimens  taken 
from  this  mass  are  referred  to  two  groups — ^gamet-amphibolite 
(III.  Ale),  and  hornblendite  (I.  B2).  On  its  north-west  and 
south-east  sides,  it  is  truncated  by  the  north-west  basic  dykes, 
the  boundaries  between  the  two  being  clearly  defined.  About 
one- third  of  a  mile  south-west  of  this  place  and  to  the  north  of 
Loch  Beannach,  several  masses  of  garnet-amphibolite  are  banded 
with  the  grey  pyroxenic  gneiss  and  share  in  its  folds.  They  are 
rudely  foliated,  the  strike  being  north-west  and  south-east. 
Again,  about  five  miles  N.N.W.  of  Lochinver  and  one  mile 
south  of  Clashnessie,  between  Loch  nan  Lub  and  Loch-na-h- 
Uidhe-Doimhne,  an  area  of  early  basic  material  extends  for  half 
a  mile  and  forms  several  rocky  hills.  Some  parts  of  it  are 
devoid  of  foliation,  others  show  a  rude  banding.  It  is  an  epidote 
amphibolite  (III.  Ala).  An  interesting  feature  here  is  the 
plexus  of  acid  veins,  composed  of  granulitised  andesine  felspar, 
that  traverse  the  basic  rock.  As  the  mass  lies  between  two 
prominent  shear-zones  and  is  itself  traversed  by  lines  of  move- 
ment, the  granulitisation  of  the  andesine  and  the  saussuritic 
aggregates  referred  to  by  Dr.  Teall  may  with  much  probability 
be  regarded  as  of  secondary  origin. 

The  remaining  area  of  rocks  of  this  group  lies  about  five  miles 
south  of  Lochinver,  between  Loch  Skinaskink  and  the  western 
sea-board.      Here  a  large  crude  mass  showing  little  fgliation  is  in 
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the  main  a  liornblende-plapoclase-rock,  occasionally  gameid- 
feroiis.  It  is  traversed  by  numerous  veins  of  quartzose 
pyroxene-gneiss,  which  near  the  margin  of  the  basic  rock  become 
so  abundant  that  both  merge  into  the  surrounding  gneiss 
complex.  From  the  evidence  here  adduced  it  is  apparent  that, 
like  the  smaller  lenticles  of  ultra-basic  material,  these  early 
basic  masses  are  older  than  the  quartzose  pyroxenic  gneiss,  and 
that  both  rocks  share  in  the  rude  foliation  which  preceded  the 
eruption  of  the  basic  dykes. 

PYROXENE-GNEISS. 

In  this  district,  as  elsewhere,  the  dominant  member  of  the 
Fundamental  Complex  in  the  unmodified  areas  is  the  pyroxene- 
gneiss  of  Dr.  Teairs  classification  (II.  B).  In  addition  to  the 
pyroxene,  this  type  contains  hornblende  and  biotite  as  original 
constituents.  The  characteristic  features  of  the  group  are  the 
abundance  of  blue  or  semi-opalescent  quartz  (see  Chap.  IV. 
for  explanation  of  this  tint)  and  the  carious  weathering  of  the 
surface  due  to  the  decomposition  of  the  felspar  and  ferro- 
magnesian  constituents  and  the  projecting  network  of  quartz.  A 
gradation  can  frequently  be  traced  from  a  type  rich  in  ferro- 
magnesian  minerals  to  a  variety  composed  mainly  of  quartzo- 
felspathic  material.  Throughout  the  district,  the  pyroxene- 
gneiss  with  hornblende  and  biotite  passes  imperceptibly  into  grey 
hornblende  gneiss  with  biotite,  in  which  both  the  hornblende  and 
biotite  occur  as  aggregates.  The  quartz  of  this  hornblende 
gneiss  contains  the  same  hair-like  inclusions  (Chap.  IV.), 
and  the  felspar  is  likewise  identical.  The  secondary  hornblende 
replaces  the  aiigite  in  such  an  irregular  manner  that  the  rock 
may  pass,  in  a  short  distance,  from  a  pyroxenic  to  a  hornblendic 
gneiss. 

The  pyroxene-orneiss  may  be  examined  in  the  shore  sections 
east  and  west  of  Kvlesku,  on  the  south  side  of  Loch  Glencoul 
and  Loch  a'  Chairn  Bhain,  and  on  the  coast  north  and  south  of 
Lochinver.  Inland  it  spreads  over  wide  tracts  from  Drumbag 
south  by  Little  Assynt  and  the  Kirkaig  river  to  Loch  Skinaskink, 
presenting  throughout  in  the  unmodified  areas  the  same  general 
characters.  In  places,  as,  for  instance,  near  Little  Assynt  and 
along  the  south  shore  of  the  upper  part  of  Loch  Assynt,  the  rocks 
are  so  massive  as  to  present  only  a  sligfht  parallel  arrangement  of 
the  constituents.  At  the  latter  locality  they  have  locally 
undergone  alteration  due  to  decomposition,  and  have  a  waxy 
appearance  owing  to  the  development  of  secondary  epidote.  In 
other  areas,  the  handing  is  more  or  less  marked,  and  the  outcrops 
of  the  successive  bands  make  characteristic  features  on  the  hill 
slopes,  as  on  the  rooky  platform  west  of  the  Torridon  escai-pment 
of  Quinaig  and  on  the  plateau  near  Ruilven.  The  maps  (107 
and  101)  show  the  disposition  of  the  flexures  of  these  original 
gneisses  and  the  considerable  variation  of  the  strike  owine  to 


owing 
^  /  run  ir 

N.N.E.  or  north-east  direction.     The  subsequent  modifications 


undulation.       Yet  the  long  axes  of  the  folds  frequently  run  m  a 
north-east  direction.     The  sub'seouent  modii 
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of  the  members  of  the  Fundamental  Complex  in  strike,  dip,  and 

Setrographical  characters  as  displayed  in  this  district  will  be 
escribea  in  connection  with  the  pre-Tomdonian  movements. 

PRE-TORRIDONIAN   DYKES   INTRUSIVE  IN   THE   FUNDAMENTAL  COMPLEX. 

In  no  portion  of  the  whole  region  of  North- West  Scotland  are 
these  dykes  more  conspicuously  developed  than  in  the  district 
now  under  description.  Their  abundance  and  general  distribu- 
tion are  well  illustrated  on  the  one-inch  maps  (Sheets  101,  107). 
They  present  here  the  usual  petrographical  types,  which  may  be 
classified  as  (1)  an  ultra-basic  group,  comprising  picrites; 
(2)  a  basic  group,  which  is  the  most  abundant,  and  includes 
olivine-norite,  hyperite,  gabbro,  diabase,  enstatite-diabase,  and 
hornblende-enstatite-diabase ;  (3)  intermediate  rocks  comprising 
biotite-diorites.  The  trend  of  the  basic  series  is  generally 
W.N.W.,  that  of  the  ultra-basic  more  nearly  east  and  west,  and 
that  of  the  intermediate  north-east,  and  in  one  instance  W.N.W. 

The  descriptions  already  given  of  the  general  features  of  the 
basic  dykes  between  Scourie  and  Kylesku  are  applicable  to  this 
district.  The  uprising  of  the  igneous  materials  along  vertical 
or  highly-inclinea  fissures  transverse  to  the  early  foliation  of  the 
gneiss,  the  frequent  brecciation  of  the  walls  of  the  fissures,  the 
branching  and  reuniting  along  their  course,  the  intersection  of 
one  dyke  by  another  of  much  the  same  mineral  composition,  the 
presence  of  close-grained  or  **  chilled"  margins,  the  contrast  in 
texture  between  the  interior  and  sides  of  the  larger  intrusions, 
and  in  some  instances  the  mineral  banding  due  to  original 
segregation — all  these  features  are  displayed  in  the  district 
between  Kylesku  and  the  Coigach  mountains. 

The  dykes  vary  much  in  breadth  and  visible  length.  The 
broadest  example  appears  south  of  the  Kirkaig,  and  at  certain 
points  in  its  course  is  200  yards  wide.  Others  vary  from  20  to  50 
yards  in  breadth.  The  remarkable  persistence  of  these  dykes  is 
a  striking  feature  in  this  district.  The  larger  examples  have 
been  traced  for  twelve  miles  across  the  plateau  of  Lewisian  Gneiss 
from  the  base  of  the  Torridon  escarpment  to  the  western  sea- 
board. 

Certain  typical  examples  of  the  various  groups  may  now  be 
indicated.  A  dyke  of  special  interest  may  first  be  noticed,  as  it 
furnishes  a  link  between  the  basic  and  ultra-basic  types.  It 
occurs  on  the  north  shore  of  Loch  Ass5^nt,  at  Rudha  na  Doire 
Cuilinn,  four  miles  W.N.W.  of  Inchnadamff,  and  is  described 
by  Dr.  Teall  as  an  olivine  norite  (2*319) .  The  relations  of  this 
dyke  to  the  normal  types  of  the  basic  intrusions  is  not  there 
apparent — a  point  of  some  interest,  in  view  of  the  fact  that  the 
latter  are  cut  by  the  ultra-basic  group.  About  two  miles  west  of 
Tomore  Lodge,  Loch  Assynt,  on  the  west  side  of  Loch  an 
Ruighean,  an  allied  type  is  represented  in  a  dyke  of  hyperite. 

An  interesting  feature  of  the  basic  group  in  the  Assynt  region 
is  the  occurrence  of  varietal  types  in  the  same  intrusion.  For 
example,  the  dyke  that  runs  by  the  side  of  the  road  north  of 
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Loch  Assynt,  in  the  direction  of  Tomore  Lodge,  and  crosses  the 
small  promontories  north-west  of  Euadha  an  Doire  Cuilinn, 
shows  marked  variation.  A  series  of  specimens  (3040-3045) 
indicate  that  it  ranges  from  a  hj'perite  and  enstatite-diabase  in 
the  centre  to  an  epidiorite  or  epidote-amphibolite  at  the  margin 
where  there  are  signs  of  deformation.  Another  example  of  rapid 
variation  is  furnished  by  the  conspicuous  dyke,  50-70  yards  in 
breadth,  that  follows  the  southern  shore  of  Loch  Glencoul  for 
three-quartei's  of  a  mile  east  of  the  mouth  of  the  Unapool  Bum. 
A  series  of  specimens  (8600-8605)  from  Cona  jCraig,  a  hillock 
formed  by  the  intrusion  near  its  eastern  end,  and  taken  at  various 
distances  from  its  edges,  include  rocks  described  as  diabase, 
gabbro,  and  epidote-amphibolite. 

The  dykes  of  epidiorite  or  homblende-plagioclase-rocks  are 
separable  into  two  groups,  according  to  the  presence  or  absence 
of  igneous  structure.  An  example  of  the  igneous  structure,  with 
lath-shaped  interstitial  felspars,  occurs  in  the  dyke  that  runs 
immediately  below  the  road  and  close  to  the  shore  of  Loch  Assynt, 
about  four  miles  west  of  Inchnadamff .  The  typical  rocks  of  the 
group  in  which  igneous  structure  is  not  apparent  are  essentially 
composed  of  plagioclase  and  hornblende,  with  some  quartz. 
These  include  a  large  number  of  the  dykes  in  this  region. 

A  typical  instance  of  segregation  before  the  solidification  of 
these  basic  intrusions  is  afforded  by  the  massive  dyke,  to  which 
reference  has  already  been  made,  near  the  river  Kirkaig. 
Emerging  from  beneath  the  Torridon  Sandstone  at  the  base  of 
the  north  vslope  of  Cul  Mor,  it  has  been  traced  along  the  south  side 
of  Loch  Veyatie,  by  the  south  of  the  Fionn  Loch,  thence  across  the 
Kirkaig  a  little  above  the  waterfalls,  till  it  passes  out  to  sea  at 
Kirkaig  Point.  The  rock  is  an  enstatite-diabase,  merging,  in 
places,  into  an  epidiorite  at  the  edge.  The  centre  of  the  dyke 
shows  knots  and  strings  of  acid  material,  which,  under  the 
microscope  (f3905-f3908),  are  found  to  be  composed  of  alkali- 
felspar,  plagioclase,  quartz,  biotite,  hornblende,  and  epidote, 
forming  a  hornblende-granite.  Here  there  is  a  repetition  of  the 
phenomenon  which  is  such  an  invariable  feature  of  the  Funda- 
mental Complex  traversed  by  this  dyke.  Another  example  of 
differentiation  with  rude  mineral  banding  is  found  in  the  dyke 
between  Canisp  and  Cama  Loch,  a  quarter  of  a  mile  north-west 
of  Loch  a'  Chroisg,  which  is  a  hornblende-diabase,  passing  into 
ej)idote-amphibolite.  The  rude  banding  is  due  to  the  parallel 
arrangement  of  the  felspathic  and  ferro-magnesian  constituents, 
similar  to  that  in  the  pyroxene-hornblende-gneiss  of  the  older 
complex.  The  central  portion  is  more  acid  than  the  outer 
parts.  In  places  the  rock  is  sheared  and  becomes  a  schistose 
epidiorite.  The  thin  basic  dykes  which  abound  in  the  region 
do  not  show  the  variation  in  character  here  referred  to.  For  the 
most  part  they  consist  of  fine-grained  ej)idiorite. 

Only  three  examples  of  the  intermediate  group  of  intrusions, 
consisting  of  biotiie-diorite,  have  been  mapped  in  this  district. 
One,  which  varies  from  33  to  70  yards  in  width,  occurs  at  Allt  a' 
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Mhuillin,  close  to  the  road,  about  two  miles  south-west  of 
Loch  Inver,  and  stretches  from  Loch  Bad  na  Muirichinn  to  the 
sea  at  Baddinaban.  Its  course  is  about  north-west  and  south- 
east, it  intersects  one  of  the  normal  basic  dykes,  and  displays 
lustre-mottling  as  a  conspicuous  feature  in  the  field.  The  two 
other  dykes,  only  a  few  feet  in  breadth,  have  been  met  with  north 
of  Little  Assynt,  one  east  of  Loch  Beannach,  the  other  east  of 
Loch  an  Ruighean.  Their  direction — north-east  and  south- 
west— is  exceptional,  and  they  are  traceable  only  for  short 
distances.  They  are  characterised  by  large  felspars — oligoclase- 
andesine— set  in  a  compact  dark  matrix. 

The  ultra-basic  dykes,  composed  of  olivine  and  augite  with 
some  reddish-brown  biotite,  are  of  special  interest.  Like  the 
members  of  the  basic  group,  they  rise  along  well-defined  fissures 
with  more  or  less  vertical  walls,  which  are  slightly  oblique  to  the 
trend  of  the  older  lines  of  eruption,  as  their  course  is  more  nearly 
east  and  west.  Owing  to  their  ultra-basic  character  they 
frequently  decompose  and  give  rise  to  long  narrow  slacks  or 
clefts  forming  marked  features  in  the  landscape.  In  some  rare 
cases  they  reach  as  much  as  100  yards  in  breadth. 


SCAL£  or  F£MT 


Fig.  7. — Intersection  of  the  older  epidiorite  dykes  by  the  later  picrite  intru- 
sions on  Sron  a  Bhuic,  two  miles  south  of  the  foot  of  Loch  Assynt. 

There  is  ample  evidence  that  the  picrite  dykes  are  later  than 
the  basic  series,  for  in  many  places  the  intersections  are  exposed. 
The  relations  between  the  two,  however,  are  somewhat  peculiar. 
In  the  accompanying  Figure  7,  which  is  a  transcript  of  part  of 
the  six-inch  map  of  an  area  near  Sron  a'  Bhuic  on  the  plateau 
midway  between  the  foot  of  Loch  Assynt  and  the  west  end  of 
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Suilven,  the  intersections  are  well  displayed.  It  will  be  seen 
that,  in  the  ease  of  the  more  southerly  of  the  two  ultra-basic 
dykes  in  this  diagram,  tongues  of  picrite  run  along  the  outer 
margins  of  the  older  epidiorite  intrusion  and  then  die  out.  At 
the  T>oint  of  crossincr  the  width  of  picrite  is  sometimes  narrower 
than  the  normal  breadth  of  that  intrusion  on  either  side  of  the 
epidiorite.  In  other  cases  both  the  gneiss  and  the  basic  dykes 
have  more  or  less  vertical  walls,  up  wmch  the  ultra-basic  material 
has  arisen. 

Regarding  the  distribution  of  these  picrite  dykes,  a  glance  at 
Sheets  101  and  107  will  show  that  they  are  mainly  restricted  to  a 
belt  of  ground,  about  three  miles  broad  between  Loch  Inver  on 
the  west  and  the  lower  end  of  Loch  Assynt  on  the  east.  Outside 
these  limits  they  are  of  rare  occurrence. 

The  dyke  which  has  been  taken  as  the  typical  example  of  the 
group  occurs  one  mile  north-east  of  Little  Assynt  on  the  west 
shore  of  Loch  Assynt,  and  about  half  a  mile  above  the  foot  of 
that  loch.  It  is  there  15  yards  broad.  Westwards  across  the 
plateau  of  pyroxene-gneiss  it  can  be  traced  at  intervals  to  Loch 
Beanuach,  near  which  it  bifurcates  and  is  truncated  by  a  N.N.E. 
fault.  In  the  field  its  conspicuous  feature  is  the  occurrence  of 
large  individuals  of  a  green  pyroxene  in  a  dark  fine-grained 
matrix.     (See  Chap.  VII.) 

A  similar  dyke  crosses  the  promontory  on  the  south  side  of 
Loch  Assynt,  and  can  be  traced  east  to  Easter  Tobeg.  It 
reappears  on  the  promontory  of  Torr  an  Eilein,  where  lustre 
mottling  is  very  apparent.  Like  the  type  just  described,  this 
intrusion  contains  large  green  pyroxenes  and  the  chief 
constituents  are  alike,  but  Dr.  Teall  regards  it  as  occupying  a 
position  intermediate  between  peridotite  and  olivine-gabbro 
(3807,  8123). 

Two  parallel  ultra-basic  intinisions,  one  of  which  may  be  a 
continuation  of  the  Torr  an  Eilein  dyke,  can  be  traced  for  two 
miles  across  the  strip  of  gneiss  that  lies  between  Beinn  Garbh  and 
the  upper  part  of  Loch  Assynt.  These  dykes  are  composed  of 
a  hard  greenish-black  rock  belonging  to  the  picrite  group,  with 
no  recognisable  felspar,  but  showing  conspicuous  lustre-mottling. 
Both  exhibit  the  more  common  type  of  alteration  into  serpentine. 

South  of  these  examples  a  remarkable  group  of  dykes  can  be 
traced  from  the  Torridon  Sandstone  escarpment  between  Canisp 
and  Beinn  Gliarbh,  across  the  Lewisian  gneiss,  to  the  coast  at 
Achmelvich  Bay  north  of  Loch  Inver,  and  to  ClachtoU,  near 
Stoer.  Two  members  of  this  group  have  been  specially  studied 
on  account  of  modifications  developed  by  pre-Torridonian  move- 
ments, to  which  reference  will  be  made  in  the  sequel  (p.  170). 
The  more  northerly  crosses  the  river  Inver  at  Inveruplan,  and 
forms  the  hollow  along  which  the  road  runs  at  Brackloch.  The 
southern  one  traverses  the  Inver  a  quarter  of  a  mile  further  south 
and  appears  at  the  roadside  at  Loch  an  Eun,  about  one  mile 
north-east  of  Lochinver.  Westwards  these  two  dykes  unite 
near  Riecairn,  a  mile  and  a  half  N.N.W.  of  Lochinver,  and  the 
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western  prolongation  is  visible  in  many  places  at  the  roadside 
between  Kiecaim  and  Clacbtoli. 

Near  the  southern  limit  of  the  district  an  ultra-basic  dyke 
forms  a  well-marked  cleft  in  AUt  Gleannan  t-Srathain,  north- 
west of  Loch  Skinaskink.  In  the  northern  part  only  a  single 
example  has  been  found.  It  runs  along  the  course  of  the  stream 
that  flows  W.N.W.  through  Gleann  Ardbhair  (about  one  mile 
south-west  of  Loch  a'  Chaim  Bhain)  into  Loch  Ardbhair.  Here 
also,  owing  to  the  softer  character  of  the  rock,  the  dyke  has  given 
rise  to  a  long  deep  hollow. 

PRE-TORRIDONIAN  MOVEMENTS. 

Throughout  the  district  now  under  description  abundant 
evidence  has  been  obtained  of  the  earth-stresses  to  which  the 
Lewisian  rocks  were  subjected,  and  which  resulted  in  the  violent 
folding  of  the  members  of  the  Fundamental  Complex  in  definite 
lines  of  disruption  or  thrust-planes  and  in  well-marked  zones  or 
belts  of  secondary  foliation,  whereby  considerable  changes  in 
petrographical  character  were  superinduced  upon  the  gneiss  and 
its  dykes.  Inasmuch  as  many  of  the  phenomena  characteristic 
of  these  pre-Torridonian  movements,  which  have  been  described 
in  detail  in  the  section  relating  to  the  district  between  Laxford 
and  Kylesku,  are  repeated  in  the  ground  to  the  south,  it  will  be 
sufficient  to  give  here  merely  an  outline  of  the  direction  and 
character  of  tnese  movements  and  the  modifications  of  the  rock- 
types  resulting  from  their  operation. 

Three  distinct  lines  can  be  followed  along  which  the  move- 
ments have  taken  place — (1)  W.N.W.  and  E.S.E.,  that  is  more 
or  less  parallel  witli  the  basic  dykes ;  (2)  nearly  east  and  west ; 
and  f3)  in  certain  exceptional  cases  north-east  and  south-west. 
The  oistribution  of  these  shear  zones  may  be  readily  grasped  by 
referring  to  Sheets  107  and  101,  from  which  it  will  be  seen  that 
they  are  specially  numerous  in  certain  areas. 

Examples  of  the  first  system — those  that  more  or  less  coincide 
with  the  trend  of  the  dykes — are  well  developed  along  a  belt  that 
stretches  from  the  valley  between  Canisp  and  Suilven,  W.N.W. 
by  Druim  Suardalain,  and  the  river  Inver,  between  Bracklooh 
and  Loch  Inver,  thence  to  Achmelvich  Bay  south  of  Clachtoll. 
They  likewise  traverse  the  plateau  along  the  valley  of  the 
£irkaig,  W.N.W.  by  the  Fionn  Loch  to  the  coast  at  Strathan 
south-west  of  Loch  Inver.  Some  with  a  similar  trend  have  been 
mapped  south  of  Allt  Gleannan  t-Srathain,  north-east  of  Loch 
Skinaskink.  Those  which  run  nearly  east  and  west  are 
numerous  along  the  western  part  of  the  plateau  between 
Achmelvich  Bay,  north-west  of  Loch  Inver,  and  Clashnessie 
Bay,  N.N.E.  of  Stoer.  Eastwards  many  of  them  seem  to  die 
out  or  disappear,  while  others  coalesce  and  are  traceable  for  miles. 
Perhaps  tne  best  examples  of  this  svstem  form  the  group  that 
extenas  from  Clachtoll  east  by  Loch  CJrocach,  thence  by  the  north 
slopes  of  Cnoc  an  Dubharlainn  to  Loch  a'  Ghleannain  Shalaich 
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and  onwards  in  the  direction  of  Tomore  Lodge  by  Loch  Assynt. 
The  lines  of  movement  trending  north-east  and  south-west  are 
rare,  but  some  examples  occur  to  the  south-east  of  Loch  Crocach, 
near  Loch  Skinaskink,  and  at  other  localities.  The  planes  of 
disruption  are  generally  more  or  less  vertical,  but  in  exceptional 
instances  are  nearly  horizontal. 

In  this  district  the  eflTects  of  these  movements  upon  the  rocks 
have  been  similar  to  those  above  described  from  the  Laxford  and 
Kylesku  ground.  It  will  not,  therefore,  be  necessary  to  repeat 
details  already  given.  It  may  suflSce  to  select  a  few  typical 
examples  of  the  modifications,  which  are  here  displayed.  We 
may  consider  first  the  modifications  superinduced  upon  the 
gneiss,  and  secondly  those  exhibited  by  the  dykes. 

(1)  Modifications  of  the  Gneiss. — The  system  of 
east  and  west  lines  of  displacement  has  here,  as  elsewhere,  given 
rise  to  narrow  and  well-defined  shear-zones.  A  typical  illustra- 
tion of  this  modification  may  be  seen  west  of  Loch  a'  Ghleannan 
Shalaich,  two  miles  W.N.W.  of  Tomore  Lodge,  Loch  Assynt, 
where  several  parallel  lines  of  disruption  may  be  traced, 
showing  newer  foliation.  One  of  these  varies  from  50  to  70 
yards  in  breadth.  The  strike  of  the  foliation  of  the  pyroxenic- 
gneiss  is  north-east  and  south-west  or  north-west  and  south-east, 
but  on  approaching  this  thrust-plane  the  gneiss  is  folded  and 
dragged  into  parallelism  with  the  line  of  movement— that  is, 
nearly  east  and  west.  Coincident  with  this  folding  and  deflection 
of  the  original  gneiss,  important  modifications  have  been  effected 
in  its  constituent  minerals  along  the  old  foliation-planes.  The 
opalescence  of  the  quartz  has  disappeared,  biotite  has  been 
developed,  and  the  felspars  have  been  granulitised.  Within  the 
narrow  shear-zone  the  reconstruction  of  the  rock  is  complete,  and 
it  appears  as  a  fine  granulitic  micaceous  gneiss  whose  foliation 
planes  dip  at  high  angles  towards  the  south.  Occasionally  a 
lenticle  or  phacoid  of  the  modified  pyroxene  hornblende  gneiss 
appears  within  the  narrow  belt  of  reconstructed  gneiss  showing 
the  intermediate  stage  of  change.  Other  similar  instances  of 
metamorphism  might  be  quoted  from  this  district  along  the  east 
and  west  lines  of  displacement. 

The  most  prominent  belt  of  modified  and  reconstructed  gneiss 
connected  with  the  W.N.W.  lines  extends  from  the  south  slope 
of  Canisp,  through  the  Canisp  deer  forest,  and  across  the  Inver 
above  Loch  Inver  Bridge  to  Achmelvich  Bay.  At  certain  places, 
as  above  Loch  Inver  Bridge,  the  boundary  line  is  well  defined 
between  the  adjacent  pyroxene-hornblende-gneiss  and  the 
flaggy  hornblende-biotite-gneiss.  Along  this  line  the  flaggy 
gneisses  have  been  folded  on  vertical  axes,  the  planes  of  foliation 
being  nearly  vertical.  A  rude  anticlinal  arrangement  is 
occasionally  observable  beyond  Loch  Inver  Bridge,  the  planes 
being  vertical  in  the  centre  and  dipping  away  on  either  side. 
On  the  line  of  this  belt  of  secondary'  foliation  at  the  shore  beyond 
Achmehach  Bay  a  fine  section  is  exposed  on  the  seacliff  within  a 
space  of  50  yards,  showing  the  relation  of  these  shear-planes  to 
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the  pyroxene-homblende-gneiss,  as  represeDted  in  the  accom- 
paaying  figure.       It  will  be  seen  that,  between  the  lines  of 


Fio.  8. — BeUtion  of  newer  t«  olderplanesof  foluUoa  in  pjroienic  and  hom- 
bleodic  gneisa.    Rudha  Leumair,  3|  miles  north-west  of  Lochinver. 

disruption,  the  folia  of  the  older  gneiss  are  sharply  contorted  and 
dragged  into  parallelism  with  the  disruption  planee.  In  these 
intervening  bands  a  partial  modification  of  the  constituents  has 
taken  place,  but  within  the  shear-zones  the  reconstruction  is 
complete.  Here  the  same  phenomena  are  observable  as  those 
already  described ;  the  granules  of  quartz  loose  their  opalescence, 
are  elon«ited  and  become  granulitic,  biotite  is  developed  from 
the  hornblende,  and  the  felspars  are  granulitised.  The  rock 
becomes  a  granulitic  gneiss,  wherein  the  foliation  planes  dip  at 
hieh  angles  to  the  S.8.W. 

On  the  promontory  east  of  Camas  nan  Bad  (two  miles  norUi-  . 
east  of  Drumbag)  two  narrow  shear-zones  run  north-west  and 
south-east  through  a  mass  of  pyroxene-gneiss,  the  strike  of  the 
old  foliation  planes  being  oblique  to  the  lines  of  shear  and  the  dip 
being  at  low  angles.  Under  the  microscope,  a  specimen  (-3401) 
shows  that  the  reconstructed  rock  is  a  biotite-gneiss,  in  which  the 
biotite  occurs  in  aggregates  (IV.,  2). 

In  some  localities,  as  between  Stoer  and  Clashnessie  Bay,  the 
reconstruction  of  the  gneiss  has  taken  place  along  nearly 
horizontal  planes  and  without  any  apparent  deflection  of  the 
associated  dykes.  lu  such  cases  there  may  have  been  interstitial 
movement  of  the  constituents  and  recrystallisation  under 
compression. 

In  the  north-western  part  of  the  district  between  Drumbag, 
Gleannan  Salach,  and  Loch  I'oll,  the  prevailing  type  of  rock  is  a 
flaggy  well-banded  hornblende-gneiss,  which  eeems  to  have 
undergone  a  certain  amount  of  reconstruction.  Though  there 
are  many  local  flexure-s,  the  general  strike  is  approxi- 
mately north-west.  These  flaggy  gneisses  are  particularly 
well  developed  in  Oldanv  Island,  where  excellent 
sections  are  exposed  on  the  coast.  Along  the  west 
side  they  have  a  fairly  uniform  strike,  and  for  a  distance 
of  nearly  a  mile  are  vertical  or  nearly  so.  They  often  contain 
biotite  in  addition  to  the  hornblende,  and  at  several  places  thin 
intercalations  appear  in  wheh  that  mineral  is  the  cnief  ferro- 
magoesian  constituent.      On  the  west  side  of  the  inlet  of  Baile 
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na  Cille,  the  rocks  include  a  large  proportion  of  felspar,  and  are 
sometimes  epidotic,  witli  abundant  semi-opalescent  quartz.  The 
strike  of  the  gneiss  on  the  north  and  east  sides  of  the  island  is 
more  irregular,  and  the  rocks  are  often  folded  and  crumpled. 
The  contortion  of  these  banded  gneisses  is  most  intense  on  the 
promontory  of  Cnoc  a'  illioil  Bhain  and  the  islands  that  surround 
it,  and  also  on  the  cliff  face  along  the  west  side  of  Eilean  nan 
Gobhar,  which  lies  to  the  S.S.W.  of  Eilean  nan  XJan.  In  this 
section  the  folds  of  the  banded  gneiss  and  basic  rock  are  distinctly 
cut  off  by  a  set  of  planes  that  cross  the  cliff  face  at  yarious  angles 
and  have  all  the  appearance  of  thrust-planes. 

Apart  from  the  bands  of  wholly  reconstructed  micaceous  gneiss 
developed  along  the  lines  of  pre-Torridonian  movement,  there 
are,  in  several  parts  of  the  district,  belts  of  flaggy  granulitic 
gneiss,  which  owe  their  present  structures  to  a  certain  amount  of 
modification  of  the  rocks  of  the  early  complex.  Rocks  of  this 
type  are  developed  along  the  shores  of  the  upper  part  of  the 
hamlet  of  Nedd  (one  mile  E.S.E.  of  Drumbag),  where  the  flaggy 
well-foliated  gneisses  dij)  W.X.W.  at  15°-25°.  The  mica 
is  orientated  along  the  divisional  planes,  while  occasional  lines  of 
striping  can  be  observed.  A  belt  of  similar  rocks  extends  E.N.E. 
from  Glenleraig  and  past  Loch  nan  Claidhmhnean  (two  and  a 
half  miles  east  of  Drumbag),  biolit^  being  abundant  in  the  gneiss 
to  the  east  of  that  loch.  Again,  at  the  village  of  the  Stoer,  on 
the  clitt'  east  of  the  Torridon  iSaudstone  strata,  a  belt  of  similar 
flaggy  gneisses  with  bioiite  on  the  divisional  planes,  strikes  nearly 
east  and  west  in  accordance  with  the  direction  of  the  shear-zones 
in  that  area.  Their  general  inclination  is  south  at  angles  from 
50^-00°.  On  eitlior  side  of  tliis  belt  the  hornblende-gneiss 
apjK'ars  in  a  ])artly  modified  form,  but  still  shows  the  original 
f()liati(>n-])lanes. 

Soutli  of  Claclitoll,  in  the  diiection  of  Biecairn,  excellent 
exani|)](>s  may  b(*  noticed  of  the  dovelo])nient  of  incipient  newer 
foliation  at  an  ()bli(|ue  angle  to  the  older  one.  This  change  is 
best  .sei'n  where  the  original  banding  is  well  defined  and  where 
the  folia  have  undergone  rapid  eninij)ling  and  contoi*tion.  In 
such  eases,  the  hiotite-flakes  are  arranged  in  lines  parallel  to  the 
axial  planes  of  foldin^i",  and  where  the  j)uekering  is  fan-shaped 
there  is  a  corres])onding  dis]H)siti(ni  of  the  biotite.  This  double 
foliation  is  well  dis])layed  on  some  of  the  cliff-faces  by  the  road- 
side north  (►f  Hiecairn,  where  the  gneiss  is  contorted  close  to 
disruption  lines. 

(2)  M  o d  i  ii  e  a  t  i  o  n  s  of  the  ] ) y  k  e  s. — The  alteration 
of  tlie  dyk(\s  in  tlie  j)resent  district  so  densely  resembles  the 
changes  already  noticed  in  rha])ter  IX.  that  it  will  suffice  to 
select  a  few  tyj)ical  examples  characteristic  of  the  whole  series. 

The  promontory,  Kudha  nam  Vias,  at  the  mouth  of  Loch 
(■hairn  lUiain,  is  trav(M'sed  by  three  lines  of  shear,  which  appear 
to  be  branch(\s  of  the  disruptifui  line  that  ])asses  (eastwards  beyond 
that  sea  loch  and  Loch  (ilendhu.  They  are  marked  by  the  usual 
narrow  bands  of  sheared  gneiss,  in  which  the  foliation  is  parallel 
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to  the  line  of  moyement,  with  a  southerly  dip  at  high  angles,  in 
contrast  to  the  gneiss  on  either  side.  The  epidiorite  dyke  that 
appears  on  the  shore  three-quarters  of  a  mile  north  of  Kerracher 
Bay,  as  it  approaches  the  crush-line,  rapidly  diminishes  in 
breadth,  and  is  deflected  towards  that  line.  This  attenuation  is 
accompanied  by  the  usual  crushing,  shearing,  and  conyersion  of 
the  rock  into  hornblende-schist,  the  foliation  being  more  or  less 
parallel  to  the  plane  of  thrust.  A  short  distance  further  west, 
the  line  of  moyement  deflects  another  thinner  dyke,  and  at  this 

Joint  both  intrusions  appear  to  be  disrupted  and  displaced  for  a 
istance  of  seyeral  hundred  yards.  Crushed  dyke-material  is  seen 
again  on  the  further  side  of  a  normal  fault  that  shifts  the  shear- 
line  a  few  yards  to  the  north,  and  the  dyke  finally  resumes  its 
(normal  course  as  it  passes  into  the  sea  on  the  west  side  of  the 
promontory. 

This  example  clearly  illustrates  the  deflection,  thinning,  and 
conversion  of  the  epidiorite  into  hornblende-schist,  and  further, 
the  westerly  moyement  of  ail  the  materials  on  the  north  side  of 
the  disruption  line.  Many  similar  instances  might  be  adduced 
in  connection  with  the  numerous  shear-lines  on  the  plateau 
between  Drumbag  and  Little  Assynt. 

In  addition  to  these  modifications  of  the  basic  intrusions,  it 
may  frequently  be  obseryed,  within  these  east  and  west  shear- 
lines,  that  the  dyke  is  wrenched  into  a  series  of  isolated  lenticles 
or  '' phacoidal''  masses  imbedded  in  a  zone  of  reconstructed 
granulitic  gneiss.  Perhaps  the  best  illustration  of  this 
phenomenon  in  the  present  district  is  to  be  found  along  the 
prominent  line  of  disruption  west  of  Loch  a'  Ghleannain  Shalaich, 
two  miles  W.N.W.  of  Tomore  Lodge,  Loch  Assynt,  already 
referred  to.  Following  this  shear-zone  westwards  for  about 
three-quarters  of  a  mile  from  the  south-east  branch  of  that  loch, 
the  observer  may  note  that  a  thin  basic  dyke,  which  enters  that 
zone  from  the  north,  is  disrupted  and  severed  into  seven  detached 
lenticles  of  hornblende-schist,  from  30  to  130  yards  in  length,  all 
arranged  parallel  to  the  line  of  the  thrust  and  to  the  foliation 
planes  of  the  reconstructed  micaceous  gneiss  by  which  they  are 
surrounded. 

The  W.N.W.  movements  frequently  only  partially  affect  the 
dykes  that  run  in  the  same  direction.  The  margins  of  the 
intrusions  have  been  rendered  schistose  while  their  central  parts 
and  the  adjacent  gneiss  remain  comj)aratively  unaffected.  Such 
marginal  strips  of  schist  are  a  common  feature  among  the  basic 
dykes.  Between  this  stage  and  the  conversion  of  the  whole  dyke 
into  hornblende-schist  a  lenticular  or  phacoidal  structure  is 
sometimes  met  with,  when  isolated  portions  of  crushed  basic 
rock  are  surrounded  by  wisps  and  bands  of  hornblende-schist. 
This  feature  is  exhibited  in  the  dykes  in  Canisp  forest,  about  2\ 
miles  south  of  Little  Assynt.  Again,  when  the  lines  of  shear  in 
this  direction  coalasce,  then  the  basic  dykes  are  entirely  converted 
into  hornblende-schist,  sometimes  with  a  platy  parallel  foliation 
and  abundant  biotite  on  the  divisional  planes.     These  phenomena 
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are  admirably  displayed  along  the  belt  extending  from  Canisp  by 
LocLinver  Bridge  to  Achmelvich  Bay. 

The  evidence  of  the  conversion  of  parts  of  the  nltra-basio 
dykes  into  schists  by  the  W.N.W.  movements  is  no  less  clear. 
In  the  case  of  the  picrite  dyke  that  crosses  the  Inver  at  Brackloch 
and  Inveruplan,  the  rock  at  the  former  locality  is  only  slightly 
more  altered  than  the  typical  example  near  Little  Assynt,  being 
still  massive  and  containing  olivine,  hornblende,  chlorite,  and 
carbonates.  At  Loch  nan  Eun  (a  mile  west  of  Brackloch), 
where  the  west  branch  of  this  dyke  is  affected  by  a  shear-line, 
only  a  few  grains  of  olivine  axe  left,  while  the  amount  of  chlorite 
and  hornblende  is  increased.  Further  west,  at  a  point  2\  miles 
north-west  of  Loch  Inver  and  4J  miles  by  road,  the  prolongation 
of  the  Brackloch  dyke,  is  converted  into  a  schist  with  chlorite, 
hornblende,  and  knots  of  siderite.  Still  westwards,  on  the  sea- 
coast,  3i  miles  north-west  of  Loch  Inver,  and  300  yards  south  of 
the  roaa  to  Stoer,  a  picrite  dyke  is  found  which  appears  to  be  a 
branch  of  the  Brackloch  intrusion.  At  its  northern  edge  it  is 
massive,  but  part  of  it  is  affected  by  shearing.  A  series  of 
specimens  (2938-2843),  when  examined  under  the  microscope, 
show  progressive  alteration  into  a  perfect  schist  composed  of 
chlorite,  pale  hornblende,  and  talc. 

Apart  irom  these  main  directions  of  movement,  there  is  still 
another  group  trending  north-east  and  south-west  which  has 
led  to  the  reconstruction  of  both  the  basic  dykes  and  gneiss.  In 
the  neighbourhood  of  Clashnessie  Bay  north  jof  Stoer,  a  belt  has 
been  observed  where  the  strike  of  the  newer  foliation  is  north- 
east and  south-west,  and  where  the  interstitial  movement  of  the 
constituents  has  been  along  nearly  horizontal  planes,  without 
much,  if  any,  disruption  of  the  dykes.  These  phenomena  are 
well  seen  about  a  third  of  a  mile  south-west  from  the  bridge 
across  Claslinessie  Burn,  where  the  foliation  of  the  hornblende- 
schist  dips  gently  south-east — that  is  nearly  at  right  angles  to  the 
course  of  the  dyke.  In  connection  with  the  deformation  of  the 
(h^kes,  it  may  be  mentioned  that  quartz- veins  frequently  appear 
in  the  bands  of  hornblende-schist. 

This  district  furnishes  abundant  evidence  that  the  pre- 
Torridonian  movements  which  led  to  the  reconstruction  of  the 
gneiss  and  dykes  were  completed  before  the  deposition  of  the 
Torridon  Sandstone.  For  example,  at  Stoer,  where  there  is  an 
important  outlier  of  that  formation,  the  numerous  shear-zones 
can  be  traced  uj)  to  its  margin,  while  pebbles  of  the  deformed 
gneiss  and  of  hornblende-schist  occur  in  the  bands  of  conglomerate 
which  there  appear.  In  like  manner  the  lines  of  disruption  can 
be  followed  up  to  the  base  of  the  Torridon  Sandstone  on  Canisp, 
but  they  do  not  enter  the  sandstone.  They  likewise  pass  under 
the  escarpment  of  Cambrian  quartzite  \)etween  Canisp  and 
Suilven.  Pebbles  of  the  reconstructed  granulitic  gneiss  and  of 
hornblende-schist  are  found  in  the  basal  Torridon  breccias  in 
Canisp  and  at  the  east  end  of  the  Suilven  outlier. 
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INLIERS  OF  LEWISIAN  GNEISS  ABOVE  THE  GLENCOUL   AND  BEN  MORE 

THRUST-PLANES. 

Detached  masses  of  Lewisian  Gneiss  appear  in  the  areas  affected 
by  the  post- Cambrian  movements.  Of  these  masses,  the  largest 
occur  on  Ben  More,  Assynt,  and  Sgonnan  Mor,  S.S.E.  of 
Braebag,  above  the  Ben  More  thrust-planes.  Smaller  areas  are 
found  in  Glas  Bheinn  and  Beinn  an  Fhurain,  north  and  east  of 
Inchnadamfi,  on  the  hill  between  Ledbeg  and  Cama  Loch,  and 
at  other  places. 

All  these  various  masses  include  certain  well-marked  types, 
which  are  characteristic  of  the  Fundamental  Complex,  between 
Scourie  and  Kylesku  and  in  the  Loch  Inver  region.  These 
comprise  ultra-basic  rocks  (pyroxenites  and  hornblendites) ,  grey 
pyroxene- gneiss,  and  hornblende-gneiss  with  blue  quartz.  The 
general  strike  of  the  Lewisian  gneisses  in  the  Ben  More  inliers  is 
X.N.W.  and  S.S.E. ,  and  the  early  foliation  is  quite  apparent; 
indeed,  the  old  structures  of  the  early  basic  masses  can  be  readily 
recognised  in  all  the  corries  on  the  north-east  face  of  Ben  More, 
in  Corrie  Mhadaidh,  north-west  of  Ben  More,  and  on  Sgonnan 
Mor. 

A  remarkable  feature  is  the  abundance  of  basic  dykes  that 
traverse  the  gneiss  and  still  preserve  their  north-west  trend, 
though  the  detached  and  moved  masses  in  which  they  occur  over- 
lie the  Glencoul  and  Ben  More  thrust-planes.  These  dykes  are 
well  exposed  on  the  gigantic  cliffs  and  on  the  rocky  floors  of  the 
great  corries  of  Ben  More.  Most  of  the  dykes  consist  of  massive 
epidiorite,  in  some  cases  reaching  100  yards  in  breadth,  and 
usually  showing  strips  of  hornblende-ischist  along  their  margins. 
Dykes  of  picrite  also  occur,  as,  for  instance,  on  the  plateau  west 
of  Dhu  Loch  Beag,  about  three  miles  up  the  Oykel  valley  from 
Kinlochailsh,  and  again  on  the  south-west  face  of  Sgonnan  Mor, 
close  by  the  unconformable  base  line  of  the  Torridon  Sandstone. 

Along  its  line  of  junction  with  the  Torridon  and  Cambrian 
strata,  the  Lewisian  gneiss  has  been  sheared,  rendered  schistose 
and  reconstructed,  the  planes  of  scliistosity  being  parallel  with 
the  post-Cambrian  thinist-planes. 

Brief  reference  may  be  made  to  the  normal  faults  that  traverse 
the  Lewisian  gneiss  west  of  the  post-Cambrian  displacements 
which  give  rise  to  many  of  the  linear  features  in  that  plateau. 
On  referring  to  Sheets  107  and  101,  it  will  be  seen  that  they  belong 
mainly  to  one  system,  trending  in  a  north-east  and  south-west 
direction.  The  existence  of  these  faults  has  been  proved  in 
many  cases  by  the  slight  change  in  the  outcrops  of  the  dykes  and 
sometimes  by  the  brecciation  and  discolouration  of  the  gneiss. 
Other  lines  of  displacement  run  in  a  W.N.W.  and  noii:h-west 
direction.  The  chain  of  lochs  and  hollows  that  extends  from  Loch 
Assynt  by  Gleannan  Salach  to  Loch  Poll  affords  an  excellent 
example  of  the  influence  of  the  W.N.W.  dislocations  upon  the 
topographical  features  of  the  country. 


CHAPTER  XL 

GRUINARD  DISTRICT.* 

The  district  of  Lewisian  gneiss  now  to  be  described  stretches 
from  Enard  Bay  across  the  Coigach  Hills  and  the 
mouths  of  Loch  Broom  and  Little  Loch  Broom  to 
Gruinard  Bay,  and  thence  inland  southwards  to  a  line 
drawn  through  Loch  an  Eilein,  Loch  na  Moine  Buige  (the 
north-western  branch  of  the  Fionn  Loch),  Feachaisgean  on  the 
east  side  of  Fionn  Loch,  the  northern  slopes  of  Beinn  a  Ch^sgein 
M6r,  Lochan  Feith,  and  a  little  south  of  Lochan  a  Bhrilghad,  to 
the  head  of  Gleann  na  Muice.  Several  patches  of  thrust 
Lewisian  gneiss,  in  the  neighbourhood  of  Ullapool  and  in  Strath 
Kanaird,  which  lie  far  to  me  east,  will  also  be  included  in  this 
chapter. 

The  patches  of  moved  gneiss  near  Ullapool  and  in  Strath 
Kanaird,  as  well  as  those  unmoved  inliers  in  Coigach,  in  the 
islands  in  Loch  Broom,  and  near  the  entrance  of  Little  Loch 
Broom,  form  comparatively  low  ground,  though  one  of  the  masses 
south  of  Ullapool  rises  to  about  1250  feet  above  sear  level.  South 
of  Gruinard  Bay  the  undulating  craggy  ground  east  of  the 
Gruinard  River  rises  to  985  feet  above  the  sea  in  Cam  na  Beiste, 
and  to  1283  in  Cam  nam  Buailtean.  West  of  this  river  is 
Croag-Mheall  Beag  (1139),  whence  the  ground  mounts  up 
rapidly  to  the  southward,  until  in  some  places  near  Loch  Toll  a' 
Mhadaidh  it  reaches  above  the  2250  feet  contour-line.  Beinn 
a'  Chaisgeiii  IJeag,  the  most  conspicuous  isolated  hill  in  the 
district,  is  2234  feet.  Nearly  all  the  ground  west  of  the  Little 
Gminard  River  is  below  700  feet.  The  only  important  streams 
are  the  Gruinard  lliver  which  runs  through  Loch  na  Sheallag, 
the  Little  Gruinard  River  draining  the  Fionn  Loch,  and  the 
Inveriavaiiie  River  which  comes  from  Loch  Toll  a'  Mhadaidh. 
The  stream  which  flows  down  Gleann  na  Muice,  a  tributary  of 
the  Gruinard  River,  forms  the  south-eastern  boundary  of  the 
district. 

Though  most  of  the  gneiss-ground  is  here  comparatively  low,  it 
is  generally  rough  and  rugged,  forming  low,  steep,  rocky  hills, 
somewhat  rounded  in  outline,  but  usually  free  from  glacial  drift, 
with  deep  intervening  hollows,  not  seldom  occupied  by  fresh- 
water lochs.  The  general  tyj)es  of  rock  in  this  district  "agree  in 
character  with  these  described  in  the  previous  chapters.  The 
prevailing   type    is    a   coarsely   crystalline,    grey,    acid    gneiss, 

*  By  the  late  William  Gunn,  with  notes  by  B.  N.  Peach,  J.  Horne,  C.  T. 
Clough,  and  E.  Greenly.  The  district  described  in  this  chapter  is  shown  on 
Sheets  91,  92,  and  101  of  the  Geological  Survey  Map  of  Scotland  on  the 
scale  of  (uTjair)  one  inch  to  a  mile. 
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generally  containing  biotite,  sometimes  also  muscovite.  In  the 
southern  part  of  the  district  the  foliation  is  in  the  main  well 
defined,  with  a  fairly  regular  W.N.W.  or  north-west  strike  and 
a  dip  towards  north-east.  In  the  northern  tracts,  however,  the 
foliation  is  often  very  rude  and  irregular,  and  the  strike 
exceedingly  variable.  Often  the  gneiss  is  of  a  massive  character, 
and  in  places  merges  into  granite,  with  no  trace  of  foliation.  It 
is  there  that  the  largest  basic  and  ultra-basic  inclusions  occur. 

The  gneiss  generally  presents  many  knots  and 
lenticles,  as  well  as  large  inclusions  of  a  basic 
character,  both  massive  and  foliated.  In  a  few  places 
it  contains  large  masses  of  peridotite  or  serpentine, 
pyroxenite  and  homblendite,  as  well  as  pyroxene  granulite,  as  in 
tne  ground  to  the  north  already  described.  It  is  traversed  by 
numerous  epidiorite  dykes  trending  generally  towards  north-west 
or  W.N.W.  In  the  northern  tracts  these  dykes  are  generally 
massive,  while  towards  the  south  many  of  them  have  been  wholly 
or  partly  converted  into  hornblende-schist.  That  they  are  not 
all  of  one  age  is  proved  by  the  crossing  of  one  set  by  another. 
Another  series  of  dykes  of  a  green  colour,  weathering  into 
rounded  forms  containing  much  biotite,  are  less  acid  than  the 
epidiorites  and  more  irregular  in  .their  course,  which  approaches 
more  nearly  to  an  east  and  west  direction.  They  are  cut  through 
by  the  epidiorite  dykes,  and  are  therefore  of  older  date. 

To  the  east  of  the  Gruinard  River  there  lie  bands  of  a  finer- 
grained  granulitic,  regularly  foliated  gneiss  containing  abundance 
of  white  mica,  and  niimerous  quartz-veins  which  are  not  common 
in  the  cruder  gneiss.  The  most  important  of  these  bands  has  a 
width,  in  places,  of  more  than  a  hundred  yards,  and  can  be 
traced  for  more  than  a  mile  in  a  south-east  direction.  It  displays 
a  vertical  foliation,  and  may  be  regarded  as  the  result  of  the 
shearing  movement  which  has  also  affected  certain  dykes,  con- 
verting them  into  hornblende-schist. 

Connected  with  the  gneiss  of  this  district  a  remarkable  band 
of  rocks  of  somewhat  doubtful  origin,  but  possibly  sedimentary, 
stretches  from  near  Beinn  Dearg  Bheag  to  Loch  na  Uidhe  (one 
mile  and  a  half  S.S.W.  of  Little  Gruinard),  a  distance  of  seven 
miles,  with  a  width,  in  some  places,  of  200  to  300  yards.  At 
both  ends  it  apparently  disappears  under  the  Torridon  Sandstone. 
It  includes  quartz-rock  and  quartz- schist,  quartz-hornblende- 
schist,  hornblende-biotite- schist,  and  garnetiferous  amphibolite, 
as  well  as  fine-grained  micaceous  gneiss.  These  rocks  are  there- 
fore much  older  in  date  than  the  movements  which  produced  the 
granulitic  micaceous  gneiss  east  of  the  Gruinard  lliver. 

ULTRA-BASIC  ROCKS   OF  THE   FUNDAMENTAL   COMPLEX. 

The  rocks  of  this  class  include  masses  of  serpentine  and 
peridotite,  various  kinds  of  hornblende  and  pyroxenite,  as  well 
as  knots  or  lenticles  of  hornblende  and  actinolite.  The  horn- 
blende knots  and  lenticles  are  foimd  in  many  places  all  over  the 
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district,  and  form  one  of  the  characteristic  features  of  the  gneiss. 
They  are  too  small  to  be  noted  on  the  maps,  and  their  general 
relation  to  the  eneiss  may  be  most  conveniently  stuoied  in 
connection  with  the  still  more  numerous  class  of  basic  inclusions 
into  which  they  imperceptibly  pass.  The  larger  ultra-basic 
masses,  however,  require  a  more  detailed  description.  To  the 
east  of  the  Gruinard  River  these  larger  masses  may  be  seen  at 
Lochan  an  Daimh,  1^  miles  E.N.E.  of  Gruinard  House,  and  near 
the  course  of  the  stream  which  runs  to  the  west  of  Cam  na 
Beiste  ;  in  the  Inveriavanie  River  east  of  Loch  an  Fhamhair,  and 
by  the  side  of  a  small  loch  200  yards  further  north.  Other 
masses  occur  to  the  west  of  Loch  an  Fhamhair,  while  a  broad 
band  stretches  from  a  point  on  the  Little  Gruinard  River,  1| 
miles  south  of  the  bridfge,  nearly  as  far  as  Loch  a'  Mhadaidh 
Mor.  Several  bosses  occur  350  yards  west  of  the  last-named 
loch.  One  of  the  most  important  of  the  masses  lies  on  the  west 
side  of  the  Little  Gruinard  River  near  its  mouth ;  another  occurs 
as  far  south  as  Feachaisgean  on  the  Fionn  Loch.  The  rocks  of 
this  class  are  massive  in  character,  usually  dark  in  colour,  but 
sometimes  pale  grey,  brownish,  or  green. 

At  Lochan  an  Daimh,  a  nme  and  a  half  E.N.E.  of 
Gruinard  House,  a  black  ultra-basic  rock  is  well  exposed  from 
50  to  100  yards  south-wast  of  the  lake.  It  recalls  the  banded 
pyroxenites  and  hornblendites  of  the  neighbourhood  of  Scourie. 
One  specimen  (4459)  was  found  to  be  rich  in  hypersthene.  Its 
other  principal  constituent  is  hornblende,  and  it  contains,  in 
addition,  augite,  olivine,  and  some  magnetite.  Another  sample 
(44G0)  of  a  somewhat  different  type  is  remarkable  for  the  amount 
of  olivine  it  contains,  which  is  far  in  excess  of  anv  other 
constituent.  These  dark  massive  ultra-basic  rocks  are  almost 
the  only  examples  reported  from  this  district  in  which  olivine 
occurs  in  the  Fundamental  Complex  in  considerable  amount. 
They  may  be  described  as  olivine-homblende-pvroxenites,  but  the 
sj)ecimen  (4400),  which  contains  little  or  no  hornblende,  may  be 
called  olivine-pyroxenite. 

Small  masses  of  ultra-basic  rock,  which  appear  at  several  places 
in  the  ground  east  of  the  Gruinard  River  and  south  of  Lochan  na 
Caii'ill,  are  mostly  dark-coloured  pyroxenite  or  hornblendite,  or 
grey  peridotite,  but  tluv  include  such  varieties  as  olivine-augite- 
rock  (wehrlite),  and  Ihorzolite.  Between  the  Inveriavanie  and 
Little  Gruinard  Rivers  also  several  bands  and  oval  masses  of 
]HM*idotite  and  hornblende-pyroxenite  make  their  appearance, 
often  associated  with  earlv  basic  material. 

l^y  far  the  largest  and  most  important  of  the  ultra-basic  masses 
that  form  part  of  the  Fundamental  Complex  in  this  district  lies 
to  the  west  of  the  Little  Gruinard  River  near  its  mouth.  Its 
northern  ext remit v  is  about  200  vards  due  south  of  the  summit 
of  the  steep  road,  the  s|)ot  which  iroos  by  the  name  of  the  Cadha 
Reag,  and  its  general  ccnir^e  is  we<t  of  south  from  this  point. 
The  length  of  the  mass  i^  nearly  two-thirds  of  a  mile,  and  the 
breadth   varies   from   40   to   170  yards.        The  mass  is   mainly 
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composed  of  one  variety  of  material,  a  massive  dark  hornblende- 
rock,  penetrated  in  places  by  bands  and  strings  of  light-coloured 
quartz  and  felspathic  material.  This  acid  material  has  much  of 
tne  appearance  and  character  of  a  pegmatite,  but  is  of  quite  a 
different  age  from  the  rocks  usually  classed  as  pegmatites,  and  is 
in  fact  identical  with  much  of  the  crude  acid  gneiss  of  the 
district.  The  black  hornblendic  mass,  moveover,  is  traversed 
by  ordinary  pegmatites  of  the  usual  character,  and  is  cut  by  three 
epidiorite  dykes  which  cross  it  in  a  north-west  direction.  Masses 
and  lumps  of  hornblende-rock,  similar  in  character  to  the 
larger  mass,  occur  in  abundance  in  the  surrounding  gneiss, 
which,  near  the  ultra-basic  mass,  has  a  vertical  foliation,  the 
strike  of  which  is  nearly  parallel  to  the  longer  axis  of  the  latter. 

Masses  of  pale-coloured  brown- weathering  peridotite-like  rock 
occur  in  several  places  on  the  western  side  of  Loch  Fada  (two 
miles  south-west  of  Little  Gruinard).  The  largest  of  them, 
nearly  100  yards  long,  lies  more  than  half  a  mile  from  the 
southern  end  of  the  loch,  and  about  150  yards  from  the  loch  side. 
The  peridotite  masses  seem  to  occur  as  **  eyes  "  in  the  gneiss,  in 
the  same  manner  as  the  knots  of  diorite  and  hornblende. 

On  the  north-east  side  of  Beinn  Dearg  Bheag,  close  to  the 
margin  of  the  basic  gneiss,  where  it  alternates  with  strips  of  acid 
gneiss,  two  masses  of  a  very  singular  rock  make  their 
appearance.  It  is  soft,  saponaceous,  and  light  coloured, 
probably  composed  chiefly  of  talc  or  chlorite,  together  with 
another  light-coloured  mineral.  Some  of  it  is  purple 
( Ppenninite) ,  probably  from  oxidation.  The  gneiss  on  each 
siae  is  of  an  unusual  appearance,  probably  from  the  presence  in 
it  of  some  of  this  peculiar  mineral  which,  however,  has  not  yet 
been  determined. 

The  only  example  of  pyroxene-granulite  observ^ed  in  the 
Lewisian  Gneiss  of  this  district  was  obtained  from  the  neighbour- 
hood of  Gruinard  House.  To  the  south  of  the  little  stream 
which  crosses  the  road  near  the  keeper's  house,  and  close  to  the 
east  side  of  the  road,  there  may  be  seen  an  oval  boss  of  dark- 
coloured  rock  about  50  yards  in  length.  It  contains  the  same 
pyroxene  and  hypersthene  as  the  black  pyroxenites  from  Lochan 
an  Daimh,  and  the  presence  of  garnets  makes  it  re^semble  the 
pyroxene-granulites  from  the  Lochinver,  Scourie,  and  other 
districts.      It  is  a  hornblende-pyroxene-granulite. 

EARLY  BASIC  ROCKS  OF  THE  FUNDAMENTAL  COMPLEX. 

The  rocks  of  this  class  which  contain  felspar  are  more  acid  than 
those  which  have  just  been  described,  but  their  mode  of 
occurrence  in  the  Fundamental  Comi)]ex  is  very  similar;  indeed, 
the  two  classes  of  rocks  often  occur  together,  and  sometimes  pass 
into  one  another  by  almost  insensible  gradations.  The  basic 
rocks  include  pyroxene-granulites,  massive  diorites,  and 
amphibolites,  the  ordinary  basic  knots  both  foliated  and 
unfoliated,  and  larger  masses  of  somewhat  the  same  character  as 
the  knots  which  will  be  described  as  basic  gneiss.      The  ordinary 
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basic  "knots"  are  almost  universally  distributed  over  tbe 
district,  and  it  is  not  usual  to  find  any  considerable  section  of  the 
gneiss  without  examples,  though  in  some  places  they  are  much 
more  numerous  than  in  others.  In  comparison  with  these  knots 
tlie  larger  masses  of  basic  gneiss  are  rare.  The  principal  places 
where  they  arc  found  are  on  the  west  side  of  Loch  Fada,  to  the 
nortli  of  Loch  a'  Mhadaidh  Mor  (two  miles  S.S.E.  of  Little 
Gruinard),  and  around  Beinn  Dearg  Bheag,  on  the  south  side  of 
Loch  na  Sheallag,  especially  east  and  west  of  the  northern  flank 
of  that  mountain,  where  the  largest  and  most  numerous  examples 
may  be  seen.  Less  important  masses  lie  to  the  north  of  Loch 
Toll  an  Lochain. 

The  mass  of  which  the  relations  are  most  clearly  exposed  crops 
out  about  I  mile  E.X.E.  from  the  northern  ena  of  Loch 
Ghiubhsachain  (west  of  Loch  na  Sheallag),  where  it  forms  an 
irregular  oval  -loO  yards  by  250  yards,  the  longer  axis  lying 
north-east.  The  rock  of  which  it  consists  is  well-foliat«d  and 
often  a  rather  evenly-banded  basic  hornblende-gneiss.  Some 
portions  are  so  dark  as  to  be  scarcely  distinguishable  at  first  sight 
from  the  basic  dvkes,  but  diflferences  in  structure  and  even  in 
the  form  and  habit  of  the  hornblende  become  apparent  on 
further  examination. 

Three  leading  facts  about  these  early  basic  rocks  deserve 
notice — (1)  their  foliation  is  parallel  to  that  of  the  acid  gneiss; 
(2)  they  have  a  north-east  strike;  and  (3)  they  are  cut  by  the 
basic  dykes.  All  round  their  margins  the  gneissose  foliation 
bends,  so  as  to  conform  with  them ;  in  no  case  was  any  dis- 
cordance between  the  two  rocks  detected.  Long  strips  and 
lenticles  of  acid  gneiss  are  included  in  them  and  conform  to  the 
trend  of  tin*  basic  rock.  Their  strike  is  decidedly  north-east,  or 
rather  somewhat  **crescentic"  :  tending  to  east  on  the  north- 
eastern extn^mity.  to  which  the  general  form  of  the  mass 
confonns.  They  seem  thus  to  act  like  eyes  or  nuclei  of 
resistance  to  the  general  flow  of  the  acid  gneiss,  whether  we 
rctrard  that  as  a  fluxion  or  as  due  to  mechanical  movements. 
They  would  thus  apj)ear  to  be  older  than  the  acid  gneiss,  and 
therefore  the  oldest  rocks  of  the  district. 

Finally,  there  can  be  no  ambiguity  as  to  the  relation  between 
these  l);isic  gneisses  and  the  basic  dykes,  which,  even  when  the 
coni])<)siti()n  of  the  two  rocks  may  be  v(»ry  nearly  the  same,  can  be 
traced  straight  throuijrh  them,  as  uninterruptedly  as  through  the 
acid  gneiss.  There  is  not  the  smallest  indication  of  their  being 
the  source  of  the  dyke  material,  and  a  vast  interval  of  time  must 
have  ela]>sed  between  the  two,  for  the  whole  gneissose  system  was 
com|dete  before  ihe  dykes  forced  their  way  into  it.  A  specimen. 
sh(>wiug  the  junction  of  one  of  the  dykes  with  the  foliated  diorite, 
is  in  the  collection  at  Jermyn  Street.  The  dykes  can  also  be 
clearly  seen  to  cross  the  juncfion  of  the  basic  and' acid  gneisses. 

()n  the  eiist  side  of  Lochan  na  l^^arta  (three  miles  east  of 
Fionn  Loch),  a  narrow  zone  of  <rneiss  includes  some  thin  sub- 
parallel  bands  of  compact  yellowish-green  epidiorite  with  long 
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slender  prisms  of  black  actinolite.  The  zone  extends  for  about 
a  quarter  of  a  mile  in  a  south-west  direction,  and  varies  up  to 
twelve  yards  in  width.  Some  of  the  actinolites  are  nearly  an 
inch  long,  and  all  are  large  in  comparison  to  the  other 
constituents  of  the  rock  (5110). 

Some  three  hundred  yards  north-west  of  Loch  a'  Mhadaidh 
Mor  a  band  of  basic  gneiss,  60  yards  in  width,  and  crescentic  in 
shape,  seems  to  form  a  great  part  of  the  circumference  of  a  circle, 
of  which  the  massive  diorite  described  below  constitutes  the 
centre.  The  rock  is  fairly- well  foliated,  and  is  bounded  on  either 
side  by  a  grey  very  acid  gneiss.  Two  massive  basic  dykes, 
trending  north-west,  cut  this  basic  band  in  a  marked  manner  at  a 
considerable  angle,  and  also  cut  the  foliation  of  the  adjoining 
gneiss  which  is  parallel  to  the  edge  of  the  basic  band.  Other 
masses  of  basic  gneiss  or  foliated  diorite  are  found  on  the  west 
side  of  Loch  Fada,  some  of  which  are  in  association  with  the 
ultra-basic  rocks  already  noticed. 

Among  a  mass  of  more  basic  knots,  a  beautiful  diorite,  quite 
unfoliated  in  parts,  occurs  as  a  lenticle  east  of  Loch 
Ohiubhsachain.  Another  coarse  massive  diorite,  very  fresh  in 
aspect  and  with  large  white  felspars,  has  been  referred  to  above. 
It  shows  itself  about  500  yards  to  the  north-west  of  Loch  a' 
Mhadaidh  Mor,  has  an  oval  outline,  and  measures  about  laO 
yards  in  length  and  75  in  breadth.  It  does  not  appear  to  be 
mtrusive  in  the  gneiss,  but  rather  to  be  one  of  the  numerous 
"  eyes  "  of  early  basic  material,  older  than  the  acid  gneiss  which 
surrounds  it,  though  in  character  it  differs  somewhat  from  that 
of  the  usual  knots.  Other  large  oval  masses  of  basic  rock  occur 
in  the  gneiss  to  the  south-west  of  Creag  na  Sgoinne,  five  miles 
south-east  of  Little  Gruinard. 

The  leading  feature  of  the  Fundamental  Complex  in  this 
district  may  be  regarded  as  the  extraordinary  abundance  of  the 
knots  of  basic  material  included  in  the  gneiss.  These  inclusions 
are  scarcely  ever  quite  absent  for  many  yards  at  a  time,  but  are 
apt  to  occur  sporadically  in  groui)s.  Their  longer  axes  are 
usually  parallel  to  the  strike  of  the  gneiss.  In  shape  they  are 
sometimes  oval,  sometimes  sigmoidal.  As  the  oval  form  only 
occurs  in  the  massive  gneiss,  it  has  been  supposed  that  the 
sigmoids  are  due  to  drawing  out  of  the  original  ovals  in  general 
movements  of  the  rock.  But  the  sigmoids  also  occur  in  very 
massive  gneiss.  Where  the  gneiss  is  thinly  foliated,  the  knots 
become  more  scarce,  or  even  disappear. 

These  conspicuous  and  abundant  inclusions  consist  for  the 
most  part  of  a  dark  hornblendic  rock,  often  not  distinctly 
foliated,  and  usually  not  very  coarse.  There  is  often,  indeed, 
no  striking  external  difference  between  them  and  the  material 
of  the  dykes.  They  are  of  all  sizes  from  mere  little  kernels  or 
groups  of  hornblende-crystals  up  to  lenticles  200  to  300  feet  long. 
Very  often  they  occur  as  confused  aggregates  or  irregular  lumps. 
Some  of  them  are  composed  of  a  beautifid  broad-bladed  horn- 
blende, with  scarcely  any  felspar.       Some  are  epidotic.       Thev 
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may  be  regarded  either  as  products  of  segregation,  in  common 
witn  the  acid  gneiss  from  an  intermediate  magma,  or  as 
included  fragments  of  an  older  rock-system,  caught  up  in  great 
intrusions  of  acid  gneiss  which  now  forms  the  bulk  of  this 
region.  The  larger  knots,  containing  felspar,  are  sometimes 
famtly  banded,  and  connect  this  type  of  rock  with  the  basic 
gneisses  above  described.  They  can  be  shown  to  be  cut  by  the 
dykes,  as  clearly  as  is  the  basic  gneiss. 

Around  the  Ordnance  Station  on  Creag-Mheall  Beag,  two  miles 
north-west  from  Loch  na  Sheallag,  the  black  basic  eyes  are  so 
numerous  and  so  liable  to  decomposition  that  large  potnoles  have 
been  formed  in  the  crude  gneiss,  both  on  horizontal  surfaces  and 
on  steep  craggy  faces,  by  the  decay  and  weathering  out  of  the 
basic  lumps,  which,  here  and  in  most  of  the  places  to  be  still 
mentioned,  are  formed  of  a  massive  unfoliated  rock,  enclosed  in 
a  crude  acid  gneiss  of  a  pegmatitic  character.  One  of  the  finest 
sections  in  which  these  features  are  displayed  is  exposed  600 
yards  to  the  north-west  of  Loch  an  Fhamhair,  about  a  mile  and 
a  half  from  Creag  Mheall  Beag,  where  a  cliff,  50  to  60  feet  high 
and  100  feet  long,  is  crowded  with  basic  eyes.  Another  fine 
section  of  a  similar  kind  may  be  seen  about  600  yards  due  west  of 
the  same  loch.  Characteristic  examples  are  also  common  in  the 
neighbourhood  of  the  Cadha  Beag,  to  the  south  of  Second  Coast, 
and  east  of  the  Gruinard  River  to  the  noiih  of  Lochan  na 
Cairill.  In  various  places  the  basic  material  collected  in  knots 
and  lenticles  appears  to  form  as  much  as  one-half  of  the  bulk  of 
the  rock. 

To  the  north  of  Loch  na  Sheallag,  and  between  it  and  Loch 
an  Eich  Dhuibh,  besides  l)asic  knots  like  those  above  described, 
there  occur  others  formed  of  a  foliated  rock,  which  may  be  called 
a  basic  gneiss.  The  foliation  of  these  lumps  is  very  erratic, 
and  has  aj)parently  no  connection  with  that  of  the  adjacent 
gneiss,  though  sometimes  there  may  be  no  great  discordance 
between  them.  In  these  cases  it  would  appear  that  an  earlier 
foliated  basic  rock  has  been  caught  uj),  broken  into  fragments, 
and  subsequently  enclosed  in  a  coarse  acid  intrusive  rock  of  a 
pegmatitic  character.  This  case  is  analogous  to  that  of  the 
large  masses  of  basic  gneiss,  and  of  ultra-basic  rock  already 
noticed  from  this  district.  Inclusions  of  gneissose  rock, 
possibly  of  a  somewhat  different  type  from  any  yet  mentioned, 
occur  in  the  neighbourhood  of  Loch  Ghiubhsachain.  Such 
gneissose  knots,  though  comparatively  rare,  are  important  from  a 
theoretical  point  of  view.  They  are"^  usually  lenticles  of  biotite- 
gneiss,  from  a  foot  to  three  feet  long,  included  in  the  massive 
gneiss  in  the  same  manner  as  the  basic  knots,  and  they  generally 
occur  among  groups  of  the  latter.       The  gneiss  of  the  knots 


coincides   with  the   long   axes   of   the   lenticles,    and   therefore 
parallel  to  the  foliation  of  the  surrounding  gnei.ss ;  but  in  several 
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cases,  the  foliation  of  the  lenticles  has  been  observed  to  lie  across 
the  longer  axis,  and  to  be  in  complete  and  striking  discordance 
with  that  of  the  massive  acid  gneiss  which  surrounds  it.  These 
facts  appear  to  indicate  that  the  knots  and  lenticles  are  true 
inclusions  in  an  igneous  magma. 

THE  ACID   PORTION   OF  THE  FUNDAMENTAL   COMPLEX. 

Though  it  has  been  found  convenient  for  purposes  of 
description  to  divide  the  area  south  of  Gruinard  Bay  into  two 
portions,  the  gneiss  cannot  be  said  to  present  distinct  characters 
m  each  of  them.  In  both  tracts  it  is  marked  by  the  presence  of 
biotite.  Muscovite-biotite-gneiss,  however,  appears  to  be  more 
common  in  the  north,  where  the  folitttion  and  strike  are  very 
irregular.  In  the  southern  part,  on  the  other  hand,  the  foliation 
is  fairly- well  defined,  and  shows  a  general  strike  to  W.N.W.  or 
north-west.  The  quartz-hornblende  band  that  stretches  from 
Loch  na*  h  TJidhe,  about  a  mile  and  a  half  above  the 
mouth  of  the  Little  Gruinard  River,  to  the  northern 
end  of  Loch  Ghiubhsachain,  on  the  west  side  of  Loch 
na  Sheallag,  forms  a  convenient  boundary  between 
the  two  portions.  South  of  that  band  the  regularly- 
dipping  gneiss  forms  a  tract  from  2^  to  3  miles  in  width,  the 
greater  breadth  being  west  of  the  Little  Gruinard  River.  In 
this  part  of  the  strip  at  a  few  places  the  foliation  for  some 
distance  is  vertical,  but  in  general  the  strike  remains  between 
north-west  and  W.N.W. ,  with  a  steep  dip  to  N.N.E.  or  north- 
east. 

Everywhere  the  gneiss  is  fairly  uniform  in  character.  It  is  a 
coarse  grey  acid  biotite-gneiss,  containing  the  eyes  or  lenticles  of 
basic  material  above  described.  Sometimes,  as  already 
remarked,  the  basic  portions  weather  out,  producing  a  pitted 
surface.  In  some  places,  where  large  felspars  have  been 
developed,  the  rock  pavsses  into  a  variety  of  augen-gneiss,  as 
north  of  the  Fionn  Loch,  on  the  west  side  of  Loch  Mhic  'Ille 
Riabhaich,  near  its  northern  and  southern  ends,  about  a  mile 
further  west.  Coarse  augen-gneiss  also  occurs  quarter  of  a 
mile  S.S.E.,  and  two-thirds  of  a  mile  east  of  Loch  an  lasgair 
(three  and  a  half  miles  south  of  Little  Gruinard).  In  various 
places  gneiss  of  a  very  crude  character  appears  to  be  a  kind  of 
mixture  of  early  pegmatite  with  basic  material.  Between  Loch 
Ohuibhsachain  and  the  northern  end  of  the  Fionn  Loch  the  grey 
gneiss  shows  its  typical  characters.  It  is  a  massive  acid  rock, 
mainly  composed  of  quartz  and  felspar,  generally  coarse  in 
character,  and  sometimes  very  much  so,  usually  containing 
biotite,  sometimes  also  white  mica.  It  displays  large 
individuals  of  orthoclase,  like  that  of  the  pegmatite  veins,  which 
in  some  places  forms  strings  and  irregular  groups.  Almost 
everywhere  the  characteristic  kinds  of  basic  or  ultra-basic 
material  are  to  be  seen.  The  foliation  dips  steeply  to  the  north- 
east or  north-north-east,  at  angles  of  40^-60°  increasing  to  70^- 
80°  in  the  northern  part,  and  in  a  few  places  becomes  vertical. 
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The  planes  of  foliation,  which  are  often  convoluted,  are  not  better 
marked  here  than  in  a  foliated  granite,  and  the  rock  will  break 
in  any  direction.  In  places  this  gneiss  resembles  a  type  of  rock 
which  has  been  regarded  as  derived  from  the  incorporation  of 
pegmatite  on  a  large  scale;  in  fact,  one  specimen  from  a  crag 
east  of  Loch  Toll  a'  Mhadaidh  has  actually  been  described  as  a 
pegmatite  (4660),  and  another  specimen  from  the  north  end  of 
the  same  crag  (4661)  as  a  muscovite-biotite-gneiss. 

Grey  acid  gneiss,  with  scattered  flakes  of  biotite,  or  biotite 
and  muscovite,  and  abundant  small  knots  and  lenticles  of  biotite 
and  hornblende,  forms  the  predominant  rock  of  the  early 
complex  near  the  south  edge  of  the  tract  between  Feachaisgean 
(Fionn  Loch)  and  the  Lochan  Feith.  The  early  banding  else- 
where traceable  as  having  been  in  existence  before  the  intrusion 
of  the  basic  dykes  is  here  often  very  obscure,  and  in  some  places 
there  may  be  room  for  doubt  whether  such  a  banding  ever 
existed.  The  later  foliation,  however,  corresponding  to  that  of 
the  basic  dykes  is  generally  strongly  developed.  It  usually 
strikes  W.N.W.,  and  dips  steeply  in  a  N.N.E.  direction,  and 
parallel  to  the  axial  planes  of  many  folds  which  affect  the  earlier 
banding.  Prominent  **  augen  "  of  felspar,  which  occur  in  the 
gneiss  in  some  places,  are  particularly  well  seen  in  a  crag  about 
half  a  mile  south-west  of  Lochan  Cnapach  (three  miles  east  of 
Fionn  Loch). 

Muscovite-biotite-gneiss     is     typically     developed     in     the 
neighbourhood  of  the  Ca<lha  Beag  between  a  quarter  and  half 
a  mile  west  of  the  bridge  over  the  Little  Gruinard  River.       It 
is  a  coarse  grey  acid  gneiss,  with  the  usual  abundant  inclusions 
of  basic  material.       In  some  j)laces  the  rock  is  well  foliated,  in 
others  where  no  foliation  is  apparent  the  rock  really  becomes  a 
granite  in  structure  (5509).      A  similar  rock  (5515)  appears  at  a 
place  half  a  mile  W.N.AV.  of  Loch  an  Fhamhair  (one  and  a  half 
miles  south-east  of  Little  Gruinard).     Other  rocks  of  this  type 
occur  on  the  west  side  of  the  narrows  of  Loch  a'  Mhadaidh  Mor, 
and  in  a  slack  600  yards  noHh-west  of  Loch  an  Fhamhair  (5513). 
Throughout  the  northern   part  of  the   Gruinard  district,   at 
many  places  besides  those  here  mentioned,  the  gneiss  is  of  so 
massive  a  character,  with  little  or  no  definite  foliation,  that  it 
becomes  granitic  in  structure  as  well  as  in  composition.       From 
this  condition  stages  can  l)e  recognised  wherein  a  faint  foliation 
appears  in  the  arrangement  of  the  acid  and  basic  material  on  a 
large  scale,  though  not  traceable  in  a  hand  specimen.     A  further 
stage  of  differentiation  is  presented  by  the  foliation  of  the  acid 
material  round  the  basic  and  ultra-basic  masses  or  lenticles,  but 
this  arrangement  has  no  one  definite  direction.       Where  the 
basic  or  ultra-basic  mass  is  of  considerable  size,  the  foliation  in 
the  gneiss  is  more  or  less  parallel  to  its  sides,  and  extends  for 
some  distance,  so  as  to  give  rise  to  a  well-defined  strike  over  a 
limited  area.       At  the  Cadha  Beag,  for  example,  where  a  large 
ultra-basic  mass  stretches  for  half  a  mile  in  a  north-east  direction, 
the  strike  of  the  contiguous  gneiss  runs  in  the  same  direction  the 
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whole  of  the  distance.  In  spite  of  fiuch  local  examples,  the 
strike  of  the  gneiss  throughout  the  northern  part  of  the  district 
is  much  more  irregular  than  in  the  southern.  Only  at  a  few 
localities,  as  near  Second  Coast,  to  the  north  of  Fisherfield,  and 
in  the  neighbourhood  of  Mungasdale  (one  mile  N.N.E.  of 
Gruinard  House),  can  a  fairly  regular  north-west  strike  be 
observed.  The  foliation  planes  are  usually  vertical,  and  their 
strike  often  trends  towards  the  E.N.E.  or  north-east.  This 
apparently  abnormal  direction  may  have  been  here  the  original 
arrangement  of  the  early  foliation,  as  is  still  the  case  in  the 
district  south  of  Scourie.  The  large  basic  and  ultra-basic 
masses  present  their  greatest  length  in  this  direction,  and  there 
seems  to  be  some  evidence,  apart  from  that  of  these  masses,  that 
the  general  strike  of  the  gneiss  was  at  first  E.N.E.  or  north-east. 
No  difEerence  of  character,  however,  can  be  traced  between  the 
gneiss  having  this  strike  and  that  which  strikes  north-west. 
Both  rocks  are  of  the  same  coarse  type,  and  the  two  directions 
of  strike  are  not  confined  to  definite  areas  but  alternate  in  an 
irregular  manner  over  a  large  extent  of  country.  Possibly  the 
two  foliations  may  have  been  produced  at  the  same  time,  the 
difEerence  in  direction  being  due  to  undulations  or  foldings  of  one 
original  foliation. 

Further  evidence  of  variation  in  the  strike  of  the  gneiss  may 
be  observed  in  the  ground  on  the  north  side  of  the  lower  part  of 
Loch  na  Shealla^,  where  two  directions  in  the  foliation  have 
been  traced  at  right  angles  to  one  another,  neither  direction 
being  predominant.  Again,  in  the  areas  south  of  Loch  an  Eich 
Duibh,  and  between  that  loch  and  Loch  na  Sheallag,  the  coarse 

Sey  acid  gneiss  shows  a  poor  and  irregular  foliation,  which, 
ough  often  very  obscure,  may  be  found  striking  in  some  places 
north-west,  and  in  others  east  or  north-east.  The  gneiss 
contains  here  many  inclusions  of  foliated  and  unfoliated 
hornblende  or  actinolite,  as  well  as  several  patches  of 
fine  well-foliated  basic  gneiss,  which  may  be  seen  to  be 
fragments  of  a  larger  mass.  On  the  fine  exposures  of 
gneiss  along  the  Cadha  Beag  road  to  the  west  of  the 
foot  of  the  Little  Gruinard  River,  with  their  abundant  basic  and 
ultra-basic  inclusions,  to  which  reference  has  already  been  made, 
light  seems  to  be  thrown  upon  the  actual  process  of  manufacture 
of  the  gneiss.  Broad  bands  of  quartzo-felspathic  material  are 
there  seen  to  surround  and  irregularly  enclose  knots  and  riasses 
of  basic  material.  It  appears  as  if  the  gneiss  as  there  displayed 
consists  of  masses  of  diorite  and  hornblende,  which  have  been 
interpenetrated  by  a  later  acid  rock  of  a  pegmatitic  character. 
Plates  VI.,  VII.,  VIII.,  and  XIII.  represent  some  of  the 
structures  of  the  gneiss  in  this  district. 

Between  the  northern  end  of  the  gneiss  area  at  Mungasdale,  on 
the  east  side  of  Gruinard  Bay,  and  Enard  Bay,  a  distance  of  12 
miles,  a  number  of  small  inliers  or  bosses  of  gneiss  project 
through  the  lower  beds  of  the  Torridon  Sandstone.  They  all  lie 
on  the  eastern  side  of  a  large  fault,  which  is  believed  to  cross  the 
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mouths  of  Loch  Broom  and  Little  Loch  Broom,  and  to  have  a 
downthrow  to  the  west  of  several  thousand  feet.  Six  of  these 
inliers  lie  to  the  east  of  Achnahaird  Bay,  four  in  the  neighbour- 
hood of  Achiltibuie  (Baden  Bay),  several  on  the  Horse  Idand 
and  Cam  nan  Sgeir,  and  the  rest  near  the  entrance  of  Little 
Loch  Broom. 

In  most  of  these  places  the  prevalent  rock  is  a  coarse  horn- 
blendic  gneiss,  more  nearly  allied  in  character  to  that  of  the  Loch 
Inver  district  than  to  that  of  Gruinard.  It  is  often  of  a  pink 
colour,  or  reddened,  as  if  by  staining  due  to  the  former  covering 
of  Torridon  Sandstone.  In  the  Achnahaird  Bay  inliers,  which 
are  small  and  irregular  in  outline,  the  strike  of  the  foliation  is 
fairly  regular  to  north-west,  the  dip  being  sometimes  as  low  as 
30Oor40o. 

Three  of  the  inliers  near  Achiltibuie  occur  on  the  shore.  The 
most  northerly  of  them  is  composed  of  coarse  grey  homblendic 
gneiss,  the  foliation  of  which  dips  northward.  The  ground  here 
is  crossed  by  several  lines  of  fault  and  crush,  embraces  some 
small  outliers  of  Torridon  Sandstone,  and  is  bounded  on  ihe 
south  bv  Triassic  conglomerate.  The  most  interesting  of  the 
inliers  is  that  which  lies  to  the  east  of  Achiltibuie.  It  forms 
a  kind  of  dome-shaped  mass  of  higher  ground,  against  which  the 
Torridon  Sandstone  was  deposited,  and  consists  internally  of  a 
denuded  sjTicline  of  gneiss,  partly  overlapped  by  the  Torridon 
Sandstone.  The  greater  part  of  it  seems  to  be  occupied  by  a 
mass  of  dark  green  garnetiferous  hornblendite,  which  forms  the 
centre  and  highest  part  of  the  basin,  while  round  this  nucleus 
two  bands  of  grey  acid  gneiss  with  hornblende  crop  out, 
concentric  on  the  south  and  west,  but  apparently  coalescing  on 
the  east  side.  The  foliation  of  the  gneiss  and  the  hornblendite 
has  a  general  dip  inwards,  at  angles  varying  from  40°  to  50°  on 
the  west,  south,  and  ea.st  sides,  rising  to  60°,  70°,  or  more  on 
the  noi-th.  It  thus  appears  that  the  ultra-basic  core  acts  as  a 
large  eye,  and  the  foliation  in  the  gneiss  is  parallel  to  its  edge. 
In  the  northern  ])art  of  the  outlier  an  epidiorite  dyke  appears  to 
cut  the  foliation  of  both  gneiss  and  hornblendite,  but  is  only 
seen  in  three  isolated  exjiosures.  The  most  prominent  exposure 
of  rock  rises  at  a  ])()int  -550  yards  north-east  of  the  Inn,  where 
a  vein  or  thin  dyke  of  sandstone,  one  to  two  inches  wide, 
doubtless  connected  with  the  Torridonian  serie-s,  passes  down- 
wards into  the  gneiss  at  least  20  feet. 

The  gneiss  of  Meall  nan  Gabhar  and  the  north  end  of  Horse 
Island,  as  well  as  the  rocky  islets  of  the  Cam  nan  Sgeir  group, 
is  a  coarse  grey  acid  rock,  wiih  occasional  masses  and  lumps  of 
hornblendic  material.  The  strike  of  the  foliation  is  generally 
from  W.N.W.  to  noi-th-west. 

The  most  remarkable  of  the  bands  of  fine  flaggy  micaceous 
granulitic  gneiss,  with  vertical  foliation,  previously  referred  to 
(p.  173),  as  due  to  later  shear  movements,  extends  south- 
east, from  a  point  on  the  shore  about  \  mile  to  the  north  of 
Gruinard  House,  and  can  be  followed  inland  in  a  south-easterly 
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direction  nearly  to  the  edge  of  the  Torridon  Sandstone,  north- 
east of  Cam  na  Beiste,  a  distance  of  about  two  miles  and  a  half. 
A  similar  band,  in  the  same  line  and  probably  due  to  the  same 
line  of  movement,  occurs  south  of  Craigour.  Several  basic 
dykes  that  have  been  isolated  in  this  zone  of  movement  have  been 
sheared  and  converted  into  hornblende-schist. 

About  30  vards  north  of  the  highest  part  of  the  Cadha  Beag 
road  a  band  of  fine-grained  gneiss,  which  strikes  vertically 
north-west,  can  be  traced  in  that  direction  for  200  jrards  or  more. 
Another  band  of  sheared  gneiss,  east  of  the  Inveriavanie  River, 
between  Cam  Lochain  Duibh  and  Lochan  Quibhais  (south-east 
of  Little  Gruinard),  has  likewise  been  much  affected  by 
subsequent  movements.  It  has  been  shifted  to  and  fro  by 
several  small  faults,  and  the  granulitic  gneiss,  together  with  its 
intrusive  dykes,  has  been  much  folded  after  being  sheared. 
These  intense  mechanical  movements  may  account  for  the  rapid 
thickening  and  thinning  of  the  dykes  in  this  tract  and  for  their 
eiTatic  courses.  A  further  example  of  granulitisation  may  be 
cited  from  near  Loch  Ghiubhsachain  (west  of  Loch  na  Sheallag), 
where  some  narrow  vertical  zones  of  a  micaceous  and  schistose 
granulitic  gneiss  can  be  traced,  characterised  by  white  silvery 
micas.       Where  such  a  zone  (as  east  of  Beinn  Dearg  Bheag) 

E asses  through  the  basic  gneiss  a  feathery  hornblende-schist  has 
een  produced.  A  short  distance  further  to  the  north-west, 
nearly  one  mile  south-east  of  Guisachan,  another  zone  appears  in 
which  the  coarser  gneiss  has  undoubtedly  been  sheared.  Thin 
bands  of  gneiss  rendered  fissile  in  this  way  are  not  at  all 
uncommon  in  the  southern  part  of  the  Gruinard  district, 
especially  along  the  dykes  which  have  been  foliaied  in  whole  or 
in  part. 

These  illustrations  of  the  production  of  granulitic  gneiss  and 
hornblende-schist  parallel  or  nearly  so  to  the  general  north-west 
direction  of  the  numerous  dykes  are  precisely  similar  to  those 
already  described  from  the  Scourie  district  and  elsewhere.  Of 
the  otner  and  probably  later  lines  of  movement  in  that  district, 
which  have  had  a  nearly  east  course,  and  have  powerfully 
affected  the  dykes  along  their  course,  examples  have  been 
obtained  in  the  present  district.  One  which  occurs  east  of  the 
Gruinard  River,  100  yards  south  of  Cam  nam  Buailtean,  can  be 
traced  for  more  than  half  a  mile  in  a  westerly  direction,  crossing 
several  dykes  which  are  bent  out  of  their  course  and  foliated,  just 
as  at  Scourie.  The  most  marked  effect  of  the  movement  is  seen 
half  a  mile  a  little  south  of  west  from  the  last-named  place, 
where  a  coarse  massive  dyke,  some  50  yards  wide  with  a  north- 
westerly trend,  has  been  bent  so  as  to  run  east  and  west,  and  has 
been  attenuated  and  converted  into  hornblende-schist. 

INTRUSIVE   DYKES   OF  PRE-TORRIDONIAN   AGE. 

Three  different  varieties  of  intmsive  dykes  make  their 
appearance  in  the  Lewisian  gneiss  of  the  Gruinard  district.  Of 
tnese  the  most  important  and  numerous  consist  of  epidiorite, 
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either  massive  or  in  the  form  of  homblende-schist.  A  second 
type  is  represented  by  a  considerable  number  of  soft  green  dykes, 
somewhat  irregular  m  character  and  containing  abundant  mica. 
These  are  for  the  most  part  older  than  the  epimorite  dykes.  In 
the  field  they  weatlier  somewhat  like  ultra-basic  rocks,  and 
appear  to  be  less  acid  than  the  ordinary  basic  tjrpe.  The  third 
type  is  ultra-basic  in  composition,  of  which  only  a  sinsle 
example  has  been  met  with  near  the  southern  borders  of  this 
district,  unless  we  include  in  this  class  a  hornblende-dyke,  with 
very  little  felspar,  which  occurs  to  the  south  of  Lochan  Dubh 
(two  and  a  half  miles  S.S.E.  of  Little  Gruinard). 

(1)  The  ordinary  basic  dykes,  as  will  be  seen  from  the  map, 
though  numerous,  are  not  evenly  distributed  over  the  district. 
Between  the  north-east  termination  of  the  Fionn  Loch  and 
Beinn  a'  Chaisgein  Beag  they  occupy  nearly  as  much  ground  as 
the  gneiss,  while,  on  the  other  hana,  there  are  belts,  such  as  the 
ground  immediately  south-west  from  Creag  na  Sgoinne  (five 
miles  south-east  of  Little  Gruinard),  where  few  are  to  be  seen. 
It  must  be  remembered,  however,  that  some  of  the  areas,  where 
few  dykes  appear  on  the  map,  are  obscured  by  drift. 

The  individual  dykes  varj'  much  in  width.  While  some  are 
too  small  to  be  shown  on  the  map,  others  measure  upwards  of 
100  yards  across.  Some  irregular  examples  in  the  area  north- 
east of  Creag  Mheall  Beag  reach  to  between  130  and  170  yards  in 
width.  South  of  Lochan  Dubh  two  dykes  have  each  a  breadth 
of  about  130  yards,  and,  after  decreasing  in  size  to  the  eastward, 
they  again  swell  out,  and  unite  into  one  great  mass  measuring 
more  than  200  yards  across.  As  in  other  districts  the  dykes 
often  project  at  the  surface  and  form  prominent  features,  while 
they  occasionally  weatlier  into  hollows  or  slacks,  as  near  Loch  an 
lasgair,  three  and  a  half  miles  S.S.W.  of  Little  Gruinard. 

Adjacent  dykes  which  run  nearly  in  the  same  direction  are 
often  found  to  coalesce.  The  reverse  process  aLso  occurs,  a 
single  iuirusion  splitting  up  into  several  separate  dykes,  as  may 
be  seen  near  the  north  end  of  the  Fionn  Loch,  east  of  Loch  Toll 
a'  Mhadaidh,  and  immediately  south-east  of  Guisachan  (four 
miles  south-east  of  Little  (Truinard).  In  these  cases  the  dykes 
are  all  presumably  of  the  same  age,  but  in  a  few  cases  two  sets  of 
dykes  appear,  one  of  which  is  of  earlier  date  than  the  other. 
West  of  (~'arii  na  Beiste  what  appears  at  first  sight  to  be  a  large 
dyke  giving  off  smaller  branches  is  found,  ou  examination,  to  be 
a  case  of  a  large  dyke  of  later  date  crossing  several  smaller  and 
earlier  intrusions.  Again,  on  the  north  side  of  Loch  a' 
Mhadaidh  Mor,  a  striking  example  appears  of  the  intersection  of 
several  north-west  dykes  by  a  large  east  and  west  dyke  of  later 
date. 

The  intrusive  character  of  the  dykes  is  best  exhibited  in  the 
neighbourhood  of  some  of  the  larger  basic  and  ultra-basic  masses, 
such  as  those  at  the  C'adha  Beag  and  near  Beinn  Dearg  Bheag, 
where  the  dykes  cut  the  foliation  of  the  gneiss  nearly  at  right 
angles. 
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In  the  northern  part  of  the  district,  for  a  width  of  five  miles  or 
more,  all  the  dykes  are  massive  epidiorites,  except  in  those  few 
narrow  zones  of  shearing  movement  previously  described,  where 
they  have  been  converted  into  hornblende-schist.  In  this  area 
the  dykes  are  vertical.  South,  however,  of  the  quartz-horn- 
blende zone  they  often  occur  wholly  or  partly  in  the  form  of 
hornblende- schist,  and  have  a  hade  to  the  noi-th-east  of  about 
40^-50^,  nearly  parallel  to  the  prominent  foliation  in  the  gneiss, 
as  may  be  clearly  seen  between  Loch  na  Moine  Buige  and  Loch 
Fada,  S.S.W.  of  Little  Gruinard. 

Between  Loch  Ghiubhsachain  and  Loch  na  Sheallag,  the  basic 
dykes,  with  the  usual  north-west  trend,  occur  in  belts  or  sheaves. 
On  the  south-west  of  Creag  Mhcall  Mhor  smaller  dykes  are  in 
two  cases  seen  to  coalesce  upwards  and  form  one  large  intrusion. 
The  chilled  edges  of  these  dykes,  now  converted  into  fine-grained 
hornblende-schist,  can  be  distinctly  traced  through  the  basic 
masses,  even  when  these  most  resemble  the  average  texture  of  the 
dyke.  The  large  dyke  east  of  Loch  Toll  a'  Mhadaidh  is 
completely  foliated  throughout — a  change  not  usually  to  be  seen 
in  the  larger  dykes  of  this  area,  and  all  the  more  noticeable  here 
as  the  surrounaing  gneiss  does  not  seem  to  show  any  sign  of  later 
movement. 

A  remarkable  dyke  in  the  Beinn  Dearg  belt  south-east  of  Loch 
Ghiubhsachain  (4666),  which  differs  decidedly  from  its 
neighbours,  though  it  appears  to  unite  with  them,  is  more  basic  in 
composition  even  than  the  ''  green "  dykes ;  yet  its  marginal 
parts  appear  to  be  ordinary  hornblende- schist. 

A  large  dyke  of  an  unusual  type  occurs  on  the  west  side  of  the 
Little  Gruinard  River,  (crossing  the  southern  part  of  Loch  Fada, 
and  extending  E.S.E.  past  Lochain  Cnapach.  It  is  traceable 
for  at  least  two  miles,  and  throughout  the  whole  of  its  course  is 
a  coarse-grained  rock,  often  foliated  throughout.  It  appears 
to  be  much  more  acid  than  the  ordinaiy  epidiorite  dykes,  as  very 
few  of  these  contain  free  quartz.  Specimens  of  this  dyke  from 
a  place  500  yards  south-west  of  Loch  nan  Eun  consist  of  rudely 
foliated  hornblende  and  felspar,  with  quartz,  biotite,  and  garnet. 

Masses  of  epidiorite  which,  although  few  of  them  can  be 
traced  continuouvsly  as  dykes,  are  probably  of  an  intrusive 
character,  occur  in  the  moved  gneiss  above  the  thrust-plane  in 
the  neighbourhood  of  Ullapool,  along  the  Ullapool  River 
below  Loch  Achall,  at  Cony  Point,  and  on  the  other 
side  of  Loch  Broom  near  Loggie.  Four  specimens  of 
dykes  or  dyke-like  masses  from  the  thnist  gneiss  area 
on  the  Ullapool  River  below  Loch  Achall  (2089,  3067,  3068, 
4885)  are  described  as  epidiorites.  The  rock  is  dark  and 
compact  and  traversed  by  thin  veins  of  epidosite.  An 
epidiorite,  more  dyke-like  in  form  than  that  described  above, 
occurs  on  the  north  side  of  the  river  close  to  the  main  thrust.  It 
will  be  referred  to  in  connection  with  the  earth-movements. 
(Chap.  XXXVI.) 
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A  little  north-east  of  Beinn  a'  Chaisgeiii  Mor  a  set  of  foliated 
dykes  contain  extremely  abundant  inclusions  of  a  pale-gr^ 
quartzose  gneiss.  These  inclusions  are  generally  persistent  and 
often  so  abundant  that  the  dykes  containing  them  can  be  readily 
distinguished  in  the  field  from  the  neighbouring  intrusions  and 
can  be  followed  over  the  ground.  From  the  evidence  obtained 
in  the  field,  it  seems  probable  that  the  dykes  in  the  area  north- 
east of  Beinn  a'  Chaisgein  Mor  are  not  all  of  the  same  age,  those 
with  inclusions  appearing  in  most  cases  to  be  earlier  than  the 
neighbouring  dykes  without  inclusions ;  though  at  one  place  on 
the  west  side  o:^  a  small  bum,  two- thirds  of  a  mile  north  of  the 
top  of  Beinn  a*  Chaisgein  Mor,  an  apparent  exception  is  found 
where  a  dyke  with  inclusions  occurs  within,  and  is  presumably 
later  than  another  coarser  dvke  of  hornblende-biotite-schist. 
About  half  a  mile  south  of  Lochan  na  Bearta,  a  group  of  four 

Earallel  dykes  with  inclusions  is  crossed  by  other  dykes  of  horn- 
lende-schist  which  contain  no  inclusions.  A  good  example  of 
one  of  these  dykes,  in  which  the  lenticular  inclusions  of  quartzose 
gneiss  form  perhaps  half  the  mass  of  the  dyke,  may  be  seen  300 
yards  W.N.W.  of  the  north  end  of  Lochan  Cnapach.  Here  the 
gneiss  inclusions  appear  to  have  their  longer  axes  more  nearly 

fiarallel  to  the  direction  of  dip  than  to  that  of  the  strike  of  the 
oliation  planes,  which  resemble  in  character  and  composition 
the  gneiss  of  the  surrounding  area.  The  foliation  in  the 
quartzose  gneiss  is  often  seen  to  be  abruptly  truncated  at  the 
sides  of  the  inclusions. 

Some  thin  dykes,  in  which  there  are  indications  of  porphyritic 
felspars,  occur  rather  more  than  a  third  of  a  mile  north-east  of 
Lochan  Cnapach,  and  half  a  mile  south  of  west  of  the  outlet  of 
Lochan  ua  Bearta.  Dykes  witli  a  foliation  crossing  them  in  a 
direction  parallel  to  the  modified  early  banding  of  the 
contiguous  gneiss  are  seen  in  the  area  surrounding  Lochan  na 
Bearta.  In  some  cases  the  foliation  at  the  margins  is  nearly 
parallel  to  the  sides  of  the  dyke,  but  chiinges  its  direction  towards 
the  inside.  In  the  dyke-rocks  near  Lochan  na  Bearta  the 
stretching  lines  are  generally  diagonal  to  the  direction  of  dip  of 
the  planes  on  which  they  occur  and  their  u])per  ends  are  on  the 
south-east  side,  but  the  amount  of  variation  from  the  direction 
of  dip  varies  in  different  places. 

A  short  distance  south-east  of  the  outlet  of  Lochan  na  Bearta, 
dykes,  now  in  the  form  of  hornblende- schist,  appear  to  have 
been  folded  along  axial  planes  striking  north-west,  nearly 
parallel  to  the  general  direction  of  the  dykes  of  the  region.  At 
one  ])lace  the  hornblende-schist  is  associated  with  a  band  of 
mylonised  and  crushed  rock,  which  also  strikes  north-west. 
Other  examples  of  folded  dykes  are  to  be  seen  between  the 
Inveriavanie  and  Gruinard  Rivers,  quarter  of  a  mile  east  of 
Carn  an  Lochain  Duibh  and  a  little  more  than  half  a  mile  souili 
of  Creag  Mheall  Beag. 

(2)  The  green  dykas  are  most  numerous  to  the  south  of  Creag 
Mheall  Beag  and  Loch   a'   Mhadaidh   Mor,    where  they  form 
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prominent  features  in  the  landscape.  Some  of  them  are  coarse- 
grained and  contain  large  plates  of  biotite,  in  others  the  biotite 
IS  less  prominent.  It  will  be  seen  from  the  map  that  the  course 
of  these  dykes  is  much  more  irregular,  and  in  a  direction  more 
approaching  to  east  and  west  than  that  of  the  epidiorite  dykes, 
and  that  they  are  crossed  by  the  latter  in  several  places.  The 
same  group  of  dykes  is  continued  in  the  ground  between  the 
Little  Griunard  lliver  and  the  outlet  of  Loch  na  Sheallag.  A 
thick  cluster  of  them  occurs  about  a  mile  north  of  Loch 
Ghiubhsachain,  where  they  have  a  north-west  trend.  They  are 
here  soft,  olive-green  rocks,  showing  plates  of  green  mica, 
which  is  especially  conspicuous  in  the  coarser  parts,  and  also  in 
segregation  spots.  Specimens  from  the  margin  and  centre  of 
a  dyke  north  of  Beinn  Dearg  Bheag  are  doubtfully  referred  to 
the  class  of  amphibolites  (4662,  4663). 

The  dykes  of  this  type  are  coarse  and  quite  unfoliated  in  the 
centre,  and  not  very  schistose  even  at  the  margins.  They  have 
good  chilled  edges,   and   also   show   clear   intrusive   junctions, 

E roving  that  they  are  real  dykes  and  not  of  the  nature  of  basic 
nots.  They  are  excessively  variable  in  width,  and  in  this 
respect  are  much  unlike  the  ordinary  or  epidiorite  dykes.  They 
are  traversed  by  basic  dykes  of  epidiorite,  which  present  chilled 
margins  where  they  cut  the  older  intrusions. 

(3)  Half  a  mile  south  of  the  outlet  of  Lochan  na  Bearta  a 
dark-green,  foliated,  ultra-basic  dyke  has  been  traced  for  about 
three-quarters  of  a  mile.  For  most  part  of  its  course  it  closely 
follows  the  north-east  side  of  a  thick  dyke  of  hornblende-schist, 
but  diverges  near  its  south-east  end.  The  rock  being  of  a  more 
perishable  character  than  the  contiguous  schists  has  given  rise 
to  a  rather  conspicuous  slack  or  valley- feature.  There  is 
evidence  that  this  intrusion  is  later  in  age  than  the  contiguous 
hornblende-schist.  The  amount  of  felspar  in  the  rock  is 
variable,  but  in  the  specimen,  which  has  been  microscopically 
examined,  it  is  so  small  that  it  seems  best  to  include  the  dyke  in 
the  hornblende  series. 

As  supplementary  to  the  description  of  the  gneiss  of  the 
Gruinard  district,  there  falls  to  be  described  the  peculiar  belt  of 
rocks  which  stretches  from  Loch  na  h  Uidhe  (one  and  a  half 
miles  S.S.W.  of  Little  Gruinard)  to  Loch  Ghiubhsachain.  Its 
most  north-westerly  exposure  lies  close  to  the  north-east  end  of 
Loch  na'h  Uidhe,  where  bands  of  quartz-schist  and  mica- schist 
may  be  observed.  One  of  the  specimens  collected  here,  an 
epidotic  quartz-hornblende-schist  (5505),  is  a  light  grey  compact 
rock,  traversed  by  narrow  bands  containing  hornblende. 
Another  specimen  (5508),  besides  abundant  epidote,  presents  also 
hornblende,  biotite  (scarce  and  mostly  represented  now  bv 
chlorite),  felspar,  and  quartz.  A  third  specimen  shows  muc^ 
biotite,  together  with  hornblende,  felspar,  quartz,  and  iron  ores. 
A  fourth  variety  (5507)  contains  the  same  materials  as  the  last, 
with  the  addition  of  garnet,  but  has  quite  a  different  appearance, 
with  more  or  less  rounded  patches  of  garnet  projecting  as  knots 
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PRE-TORRIDONIAN  MOVEMENTS. 


Numerous  examples  of  the  effects  of  these  movements  have 
been  observed  in  this  district,  but  few  of  them  require 
particular  notice.  The  faults  and  crushes  usually  form  distinct 
topographical  features  similar  to  those  already  noticed  in  other 
parts  of  the  Report.  An  important  crush-line,  already  alluded 
to,  follows  the  course  of  Uisge  Toll  a'  Mhadaidh.  On  its 
western  side  the  large  dykes  are  considerably  shifted  to  the 
north.  Its  effects  may  be  traced  for  about  a  mile  to  the  north 
of  Loch  a'  Mhadaidh  Mor.  The  displacement  of  basic  gneiss, 
etc.,  by  the  fault  in  this  part  of  its  course,  has  already  been 
noticed.  Another  powerful  crush  coincides  with  the  course  of 
the  lower  part  of  the  Inveriavanie  River,  and  is  well  seen  for 
more  than  than  200  yards  on  the  east  side,  about  a  mile  up  the 
river.  Above  this  point  the  fault  divides,  one  branch  following 
the  course  of  the  stream,  the  other  passing  off  to  the  eastward 
towards  Lochan  Guibhais.  Other  faults  and  crushes  are 
numerous  near  the  lower  part  of  the  Inveriavanie  River, 
especiallv  on  its  eastern  side.  The  most  important  of  these 
crosses  tnat  river  in  a  S.S.W.  direction  not  far  from  its  mouth, 
and  is  continued  as  far  as  the  Little  Qruinard  River,  its  course 
for  nearly  the  whole  distance  being  marked  by  a  conspicuous  scar 
or  feature. 

A  flinty  crush,  running  E.N.E.,  forms  a  fine  crag  half  a  mile 
N.N.W.  of  Cam  na  Beiste,  east  of  the  Gruinard  River.  Two 
other  features  parallel  to  it  but  nearer  Cam  na  Beiste  have 
probably  a  vsimilar  origin.  Near  Lochan  na  Bearta  (three  miles 
east  of  Fionn  Loch)  and  on  the  western  side  of  Loch 
Ghiubhsachaii,  a  good  many  lines  of  compact,  crushed  or 
partially  myloiiisod  rock,  accompanied  by  shai*])  contortion,  have 
been  observed.  The  material  in  most  of  them  is  of  a  deeper-red 
colour  than  that  of  the  surrounding  gneiss,  but  it  sometimes 
resembles  black  halleflinta.  The  general  trend  of  these  lines  of 
movement  is  W.N.W.,  nearly  parallel  to  that  of  the  basic  dykes. 


CHAPTER  XII. 

LOCH  MAREE   AND   G AIRLOCK   DISTRICT.* 

This  district  extends  from  the  Fionn  Loch,  north  of  Loch 
Maree,  to  within  three  miles  of  Loch  Torridon.  Its  northern 
limit  is  defined  by  a  line  running  from  the  head  of  Gleann  na 
Muice,  by  the  northern  slope  of  Beinn  a'  Chaisgein  Mor,  and 
the  north-west  branch  of  Fionn  Loch,  to  Loch  an  Eilein.  Its 
southern  boundary  follows  the  Craig  river  to  its  source,  and 
thence  east  to  the  south  slopes  of  Ben  Dearg.  Its  length  from 
north  to  south  is  about  12  miles,  and  its  greatest  breadth  about 
9  miles. 

Most  of  the  rocks  to  be  now  described  lie  west  of  the  ground 
affected  by  the  post-Cambrian  movements,  and  are  included  in 
two  areas  of  approximately  equal  size,  which  are  separated  by  a 
great  fault  that  runs  along  the  basin  of  Loch  Maree  and  by  the 
south-west  side  of  Loch  Ewe.  The  north-eastern  portion  may 
be  called  the  Loch  Maree-Carnmore  area,  and  the  south-western 
the  Gairloch  area.  Along  the  margins  of  both  of  these  areas  the 
Lewisian  gneiss  is  in  most  places  covered  unconformably  by  the 
Torridon  Sandstone.  The  boundaries  of  the  formations  are  of 
irregular  shape,  small  inliers  of  gneiss  are  surrounded  by 
Torridon  Sandstone,  while  outliers  of  the  Sandstone  are  found 
within  the  tracts  of  gneiss. 

In  the  areas  afPected  by  the  post-Cambrian  movements  the 
Lewisian  gneiss  reappears  in  several  localities,  the  most 
important  mass  lying  north  of  Kinlochewe.  The  Loch  Maree- 
Carnmore  area  measures  about  ten  miles  in  length  and  about  five 
in  breadth.  The  rocks  are  sometimes  concealed  under  wide 
coverings  of  drift,  particularly  at  the  sides  of  Fionn  Loch.  The 
summits  of  A'  Mhaighden,  Beinn  Lair,  and  Beinn  a*  Chasgein 
Mor,  all  of  which  exceed  2800  feet  in  height,  are  covered  with 
drift,  though  some  of  their  sides  form  magnificent  precipices. 
These  hills  lie  in  the  eastern  half  of  the  district,  and  the  general 
elevation  decreases  in  a  W.N.AV.  direction.  The  Gairloch  area 
is  generally  rocky,  the  highest  eminences  lie  towards  its  south- 
eastern borders,  but  no  parts  formed  of  Lewisian  gneiss  exceed 
1400  feet  in  height. 

The  boundaries  of  the  Lewisian  gneiss  in  this  district  have 
been  partly  determined  by  lines  of  fault.      The  greatest  of  these 

*By  C.  T.  Clough,  with  notes  by  B.  N.  Peach,  J.  Home,  W.  Gunn,  and 
E.  Greenly.  The  district  described  in  this  chapter  is  comprised  in  Sheets 
81,  91,  and  92  of  the  Geological  Survey  Map  of  Scotland  on  the  scale  of 
(ti Hv)  one  inch  to  a  mile. 
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dislocations,  that  of  Loch  Maree  and  Loch  Ewe,  forms  the  most 
striking  topographical  feature  of  the  region.  It  might  seem  as 
if  the  Lewisian  rocks  on  the  north-east  side  of  this  fault  had  been 
shifted  laterally  in  a  south-east  direction  for  a  distance  of  about 
nine  miles.  As,  however,  the  pre-Torridon  land  surface  was 
singularly  uneven  on  both  sides  of  Loch  Maree,  and  consisted  of 
steep  mountain-slopes  with  a  pre-Torridon  fault  between,  it  is 
possible  that  the  straight  cliffs  in  which  the  Archiean  rocks  now 
end,  both  on  the  north-east  side  of  the  Gairloch  area  and  the 
south-west  side  of  the  Loch  Maree-Carnmore  area,  are  of  pre- 
Torridonian  age,  though  there  have  certainly  been  movements 
along  them  in  post-Torridonian  times.  The  post-Torridonian 
fault  near  the  head  of  Loch  Maree  seems  to  be  a  horizontal  dis- 
placement along  a  vertical  plane,  the  Fasa^h  N.N.E.  fault  being 
apparently  shifted  laterally  to  Grudie,  a  distance  of  nearly  three 
miles  in  a  north-west  direction.  The  plane  of  this  fault  is 
nearly  vertical,  and  a  vertical  downthrow  covld  not  account  for 
its  lateral  shift. 

Between  Tollie  farm  and  Loch  an  lasgair,  to  the  south-west  of 
Loch  Ewe,  a  fault,  partly  of  pre-Torridon  age,  runs  parallel  to 
the  Loch  Maree  dislocation,  and  towards  the  north-west  forms 
the  boundary  between  the  gneiss  and  the  Torridon  Sandstone. 
Again,  near  Dubh  Loch,  four  miles  south-east  of  Gairloch, 
the  most  important  of  a  series  of  north-east  faults  forms 
the  boundary  between  the  gneiss  and  the  sandstone  fiir 
more  than  a  mile  and  a  half,  but  is  certainly  in  part  ot 
pre-Torridon  age.  Lastly,  the  north-eastern  boundary  of  the 
gneiss  area  near  Doire,  on  Loch  ifaree,  and  for  a  mile  and  a 
quarter  north-west,  is  probal)ly  a  post-Torridon  fault. 

One  of  the  most  interesting  features  in  the  geology  of  this 
district  is  the  occurrence  of  a  group  of  rocks  which  resemble 
altered  sediments.  Thev  are  found  in  each  of  the  two  areas,  one 
j)rominent  belt  of  them  running  along  the  southern  edge  of  the 
Loch  Maret>-(^iinmore  area,  and  another  broad  band  crossing  the 
Gairloch  area  in  a  north-westerly  direction.  If  these  rocks  are 
truly  of  sedimentary  origin,  they  are  probably  as  old  as  any 
examples  of  such  dej)osits  of  whicli  the  stratigraphical  position 
can  be  ai>j)roxiniately  determined  in  the  British  Isles. 

Tlie  rocks  which  constitute  the  fundamental  complex  of  the 
Lewisian  gneiss  cover  the  greatc^r  ])ortion  both  of  the  Loch 
Maioe-Carnmore  and  Gairloch  areas.  The  basic  dykes  intrusive 
in  tliat  complex  are  in  most  places  abundant.  The  acid 
intrusions  are  ivpresented  by  peirniatites,  and  are  here  rare  or 
thin,  except  in  the  ground  between  Loch  Tollie  and  Loch  Doire 
na  Ilerrie  (three  and  a  half  miles  K.S.E.  of  Gairloch),  and  also 
near  the  Dubh  Loch  of  Carnmore. 

Wide  and  comparatively  gentle  flexures,  of  pre-Torridon  age, 
and  witli  axial  planes  striking  north-west,  have  folded  the 
basic  dykes  in  various  places — for  instance,  south-east  of  Loch 
Tollie,  south-east  of  Loch  nam  Ihiainichean,  on  Sron  a'  Choit,  on 
the  east  side  of  Loch  a'  Ghobhainn,  half  a  mile  north-east  of 
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Folais,  and  near  Cammore.  The  broad  flexure  near  ToUie  is  an 
anticline,  with  a  general  south-easterly  pitch  and  a  breadth  of 
about  two  miles :  the  south-west  limb  dips  steeply  south-west  or 
is  vertical,  while  the  north-east  dips  north-east  at  lower  angles. 
ITie  Cammore  fold  is  also  an  anticline  of  much  the  same  breadth. 
Between  these  anticlines  comes  a  compound  syncline,  which  is 
seen  between  Beinn  Airidh  a'  Char  and  Slioch.  It  is  important 
to  notice  that  these  folds  do  not  necessarily  indicate  the  disposi- 
tion of  the  rocks  of  the  fundamental  complex,  for  these  rocks 
were  in  many  cases  already  in  a  highly  contorted  condition  before 
these  later  flexures  were  developed. 

The  plateau  of  Lewisian  gneiss  under  or  adjacent  to  the 
Torridon  Sandstone  is  often  stained  red,  sis  near  Talladale  (south 
side  of  Loch  Maree),  near  Druim  am  Uamh  (Gairloch),  and  on 
the  west  side  of  Meall  Imireach  (four  miles  W.N.W.  of 
Poolewe).  Dykes  or  veins  of  red  sandstone  or  grit,  from  a 
quarter  of  an  inch  to  several  yards  wide,  cross  the  gneiss  in  many 

E laces.  Examples  of  these  may  be  seen  in  the  Gairloch  district 
y  the  side  of  the  road  half  a  mile  west  of  the  outlet  of  Loch  Bad 
an  Sgalaig,  three-quarters  of  a  mile  E.S.E.  of  the  outlet  of  Loch 
Braigh  Horrisdale,  on  the  west  side  of  Meall  Aundrary,  close  to 
the  north  side  of  Loch  na'  Feithe  Mugaich,  and  on  the  flanks  of 
Meall  Each,  near  the  head  of  Loch  Maree.  The  material  in  the 
dykes  is  like  that  of  the  adjacent  Torridon  strata,  but  similar 
dvkes  also  occur  in  the  Torridon  Sandstone. 


ROCKS  OF  THE  FUNDAMENTAL  COMPLEX. 

UUra-Basic  Rocks, — These  are  in  this  district  represented  by 
hornblendite,  biotite-hornblendite,  peridotite  or  impure 
serpentine,  and  small  bands  and  lenticles  which  consist  almost 
wholly  of  biotite.  Many  thin  bands  and  lenticles  of  horn- 
blendite and  biotite-hornblendite  appear  both  in  the  early  basic 
rocks  and  in  the  acid  gneisses.  Besides  those  in  which  the 
hornblende  is  black  microscopically,  others  are  almost  entirelv 
composed  of  needles  of  pale  green  actinolite.  In  some  of  the 
thicker  black  lenticles  biotite  occurs  at  the  margin  and  horn- 
blende in  the  interior. 

A  pale  acid  gneiss  exposed  in  a  burn  about  a  quarter  of  a  mile 

north-east  of  Cammore  Old  House  encloses  various  lenticles — the 

largest  measuring  ten  yards  in  length — which  consist  in  large 

part  of  pale-green  actinolite.       The  outside  of  each  is  formed 

^  a  dark  micaceous  sheath,  often  about  a  foot  wide,  in  which  the 

hiotite  flakes  are  parallel  to  the  adjacent  aide,  while  inside  comes 

^  rfm,  usually  three  or  four  inches  wide,  consisting  chiefly  of 

^ctinolite  crystals  with  their  long  axes  crossing  it  at  right  angles. 

*^      this    rim    also    small    spaces    may    be    noticed,    sometimes 

aex:agonal  in  section  and  probably  once  occupied  by  garnet,  but 

^^^^9-  filled  with  aggregates  of  brown  and  green  mica.       The 

^^^erior  parts  of  the  lenticles  consist  of  large  crystals  of  green 
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actinolite  mixed  with  flakes  of  white  talc  (?).  These  lenticles 
are  of  particular  interest  because  they  contain  scales  of  graphite 
more  than  a  quarter  of  an  inch  long. 

Other  masses  of  ultra-basic  rock  of  considerable  size  occur  on 
the  east  side  of  Loch  an  Eilein,  at  the  north  limit  of  this  district, 
on  Croft  Hill,  south  of  Poolewe,  and  in  the  hornblende  gneiss 
south  of  ToUie.  These  consist  chiefly  of  hornblende  rock, 
sometimes  in  association  with  biotite  and  thin  strings  of  felspar 
and  quartz. 

Near  the  south-east  comer  of  the  Gairloch  area  patches  of 
hornblendite  or  biotite-hornblendite  were  observed  at  the 
following  localities ;  1000  yards  slightly  south  of  west  and  half  a 
mile  E.S.E.  of  the  west  end  of  Lochan  Druim  na  Feama,  rather 
more  than  a  quarter  of  a  mile  S.S.W.,  and  a  third  of  a  mile 
S.S.W.  of  MuUach  nan  Cadhaichean.  The  rock  nearest  the 
last-named  locality  is  thrown  into  a  series  of  small  folds,  in  the 
cores  of  which  most  of  the  hornblende  appears,  while  biotite  is 
especially  abundant  in  the  limbs. 

An  exposure  of  serpentine,  about  300  yards  long,  occurs  about 
three-quarters  of  a  mile  south  of  the  head  of  Loch  na  h'Oidhche 
(three  and  a  half  miles  south  of  Slattadale,  Loch  Maree).  It  has 
been  the  source  from  which  many  boulders  on  the  south  side  of 
Loch  a'  Bhealaich  have  been  derived.  This  rock  vaxies 
considerably  in  chara<3ter,  the  surface  tints  being  pale-grey, 
bluish-grey,  green,  or  orange.  The  varieties  that  weather  pale- 
grey  contain  many  scales  of  talc  (?),  sometimes  collected  into 
veins,  crystals  of  some  ferriferous  carbonate,  and  dark-grey  or 
black  fine-grained  portions,  forming  hollows  with  a  rusty  surface, 
which  are  now  composed  of  decomposition  products  of  some  earlier 
silicate.  Some  of  the  greener  portions  have  a  rough  exterior, 
and  contain  stout  cr^^stals  of  decomposed  enstatite  ( ?) .  Most  of 
the  rock  shows  no  foliation,  but  near  the  western  end  an  obscure 
foliation  dips  at  steep  angles  slightly  west  of  south,  and  near  the 
eastern  limit  E.N.E.  About  two-thirds  of  a  mile  south 
of  Meall  an  Tuim  Bhuidhe  (five  miles  south  of 
Shieldaig,  Loch  Gairloch)  several  lenticular  masses  of  olivine- 
hornblende-peridotite  have  been  noticed,  which  weather  with  an 
orange  crust.  In  one  of  them  the  olivine  is  fresh  and  abundant 
and  the  hornblende  colourless.  Three-quarters  of  a  mile  north- 
east of  Fumes  (on  the  north  side  of  Loch  Maree)  an  outcrop 
occurs  of  an  ultra-basic  rock  of  variable  composition,  partly 
calcareous,  and  with  portions  softer  than  the  finger  nail.  Some 
patches  in  it  appear  to  bo  mainly  composed  of  serpentine,  but 
they  also  contain  a  cleavahle  mineral — presumably  some 
rhombic  pyroxene — ^from  which  iiie  serpentine  has  been  formed. 
Certain  parts  contain  abundant  flakes  of  chlorite  and  needles  of 
tremolite,  others  consist  almost  entirely  of  crystals  of  dark-green 
hornblende.  A  few  streaks  of  magnetite,  about  an  inch  thick, 
were  noticed  in  one  place. 
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Ean^ly  Basic  Rocks  and  Hornblende  Ghieisses, — As  a  rule,  the 
early  basic  rocks  which  form  part  of  the  Fundamental  Complex 
are  more  variable  in  composition  than  the  basic  dykes,  and 
contain  more  irregular  streaks  of  quartz.  In  unsheared  areas 
the  margins  of  these  basic  masses  and  those  of  the  ba.sic  dykes 
can  be  readily  distinguished,  the  early  basic  rocks  being  so  mixed 
with  strings  of  acid  gneiss  that  they  can  hardly  be  separated. 
This  intermixture  may  perhaps  be  due,  not  so  much  to  intrusion 
after  the  basic  parts  were  solidified,  as  to  segregation  in  a  viscous 
mi^ma  and  to  movements  in  the  partially  differentiated  mass. 

Owinff  to  their  variability  no  satisfactory  distinction  can  be 
drawn,  in  the  field,  between  the  hornblende-gneisses  with,  and 
those  without  quartz.  Many  of  the  early  basic  rocks  are  massive 
with  only  an  occasional  well-marked  foliation.  In  these  types 
the  quartz  occurs  in  thin  opalescent  strings,  winding  round  eye- 
shaped  masses  of  dark  homblendic  rock,  varying  in  length  from 
a  few  inches  to  a  few  yards.  The  garnets  in  this  series  of  rocks 
vary  considerably  in  abundance  and  size,  but  here  they  are 
usually  much  smaller  than  those  found  in  the  Laxford  and 
Kylesku  district.  Their  pr^ence  cannot  be  taken  as  an 
indication  that  the  rock  in  which  they  occur  belongs  to  the  early 
complex,  for  garnets  abound  in  many  of  the  basic  dykes. 

Rocks  of  the  two  groups  characterised  respectively  by  compact 
hornblende  and  a  granular  structure,  and  by  hornblende  in 
fibrous  or  other  aggregates  sometimes  occur  in  the  same  area 
without  a  clear  line  of  division  between  them.  On  the  west  side 
of  Poolewe,  and  between  Poolewe  and  Ob  a'  Choir'-uidhe  (a  bay 
in  the  west  end  of  Loch  Maree),  where  a  large  area  of  horn- 
blende-gneiss is  exposed,  a  specimen  (4187)  obtained  from  near 
the  south  end  of  the  mass  is  referred  to  the  second  group,  while 
two  others  (4992,  4993),  from  near  the  north  end,  are  assigned  to 
the  first.  In  the  group  with  compact  hornblende  and  granular 
structure,  the  hornblende  is  supposed  by  Mr  Teall  to  be  original, 
whereas  in  the  group  with  aggregates  of  hornblende  it  is  regarded 
as  derived  from  an  earlier  pyroxene.  It  is  possible  that  in  some 
parts  of  one  great  igneous  mass  the  predominant  f  erro-magnesian 
constituent  may  have  been  hornblende  and  in  others  pyroxene, 
and,  after  the  alteration  of  the  pyroxene,  rocks  of  the  two  groups 
might  be  found  in  close  association.  It  is  necessary,  however, 
to  bear  in  mind  that  the  hornblende  in  some  of  the  foliated  basic 
dykes  is  also  of  the  compact  type  and  indistinguishable  from  that 
in  some  of  the  gneisses.  If  the  foliation  in  these  dykes  is  a 
secondary  structure  produced  after  the  solidification  of  the  rock, 
the  hornblende  in  them  must  also  be  of  secondary  origin. 

As  the  granulitic  hornblende-gneisses  have  been  produced  bv 
shearing  from  the  other  hornblende-gneisses,  it  will  be  most 
convenient  to  describe  them  with  their  parent  rocks.  In  the 
Gairloch  inlier  the  largest  mass,  rich  in  hornblende,  stretches 
from  near  Doire,  west  end  of  Loch  Maree,  to  Naast  (two  and  a 
half  miles  beyond  Poolewe) — a  distance  of  six  miles — and  there 
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are  traces  of  it  even  as  far  as  Inverasdale  (west  side  of  Loch  Ewe). 
Its  north-eastern  boundary  is  formed  by  the  great  thrust  or  fault 
that  skirts  Loch  Maree  and  Loch  Ewe ;  its  south- western  margin 
is  not  well  defined,  but  near  TolHe  the  breadth  of  the  belt  from 
south-west  to  north-east  is  about  two  miles  and  a  quarter.  Near 
the  south-western  margin  of  the  basic  mass  the  rock  is  rather 
evenly  banded,  dark  hornblendic  layers  alternating  with  others 
of  a  paler  tint.  This  type  seems  more  common  in  the  south- 
west limb  of  the  Tollie  anticline  than  anywhere  else.  On  the 
south-west  side  of  Loch  Tollie  the  mass  is  more  than  half  a  mile 
broad. 

The  area  embraced  by  the  Tollie  anticline  is  crossed  by  a  series 
of  pre-Torridonian  faults  and  flinty  crush-rocks  that  run  in  a 
general  S.S.E.  direction  from  about  half-way  between  Loch 
Tollie  and  Tollie  Bay.  On  one  side  of  this  series  of  dislocations 
the  rocks  somewhat  differ  from  those  on  the  other.  On  the  east 
side,  and  particularlv  east  of  an  imaginary  line  connecting  Ob  a* 
Choir  uidhe  and  Tollie  Bay,  a  massive  diorite  is  largely  exposed, 
in  which  there  is  no  clear  plane-parallel-foliation, thougn  a  rodded 
or  linearly-foliated  structure  can  be  recognised.  The  best  sections 
may  be  seen  on  the  headland,  a  mile  W.N.W.  of  Ardlair,  Loch 
Maree,  and  two-thirds  of  a  mile  west,  and  a  mile  north-west  of 
this  promontory.  Most  of  the  rock  is  paler  than  the  basic  dykes, 
and  it  contains  many  strings  and  rods  of  opalescent  quartz.  On 
the  headland  the  felspar  granules,  many  of  which  show  distinct 
siriation,  are  about  the  size  of  a  mustard  seed.  The  hornblende  is 
often  in  grains  of  about  the  same  size  as  the  felspar,  but  rather 
less  abundant.  Where  streaks  of  quartz  occur,  they  generally 
lie  close  to  others  which  consisi;  almost  entirelv  of  hornblende, 
Where  the  rock  is  foliated,  the  paler  folia  are  composed  to  a 
large  extent  of  quartz,  while  the  others  are  chiefly  of  horn- 
blende. The  folia  often  strike  north-west,  and  are  nearly 
vortical,  but  they  are  not  generally  granulitic.  It  is  worthy  of 
note  that  most  of  the  basic  dykes  which  traverse  these  early  rocks 
have  a  similar  trend  and  rarelv  display  foliation.  Some  of  them 
cut  the  foliation  planes  of  the  early  basic  material,  and  it  is 
evident  that  the  latter  rock  was  foliated  and  often  in  a  vertical 
position  before  the  dykes  were  intiiided. 

Snocimen  4187,  one  of  the  rodded  diorite-like  rocks  from  the 
headland  above  referred  to,  shows  no  continuous  parallel  folia, 
but  the  hornblende  and  felspar  have  their  long  axes  in  one 
direction.  In  transverse  sections  no  parallelism  in  the 
arrangement  of  the  constituents  can  be  perceived.  The  most 
conspicuous  constituent  under  the  microscope  is  a  striated 
felspar,  which  occurs  in  irregular  grains  often  of  considerable 
size.  The  hornblende  occurs  in  irregular  ])atches,  consisting  of 
small  grains  and  imperfect  crystals  associated  with  quartz. 

About  two-thirds  of  a  mile  south-east  of  the  summit  of  Creag 
Mhor  Thollie  (two  and  a  half  miles  S.S.E.  of  Poolewe),  on  an 
almost    flat   surface,    many   pieces   of   well-banded    hornblende- 
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gneiss  may  be  observed  within,  or  traversed  by,  a  pale  more  acid 
gneiss  wmch  consists  of  felspar,  hornblende,  and  occasional 
qnartz.  Some  of  the  pieces  m  the  flat  surface  are  more  than 
tnree  feet  lon^,  and  most  of  them  have  rather  rounded  outlines. 
The  folia  in  them  are  sometimes  twisted  and  strike  against  one 
another.  (Plates  X.,  XI.)  A  similar  brecciated  structure 
also  occurs  in  other  parts  of  the  same  neighbourhood,  and 
must  have  been  in  existence  before  the  intrusion  of  the  basic 
dykes. 

In  the  early  basic  rocks,  unusually  acid  and  exceptionally  basic 
parts  are  often  found  close  together.  Their  association  suggests 
that  the  banding  and  irregular  mixing  of  the  materials  were 
produced  while  these  were  still  in  a  viscous  state.  It  is  probable 
that  the  conditions  under  which  the  various  parts  of  the  earlier 
rocks  were  formed,  or  have  at  some  time  passed,  differed  from 
those  which  prevailed  during,  or  subsequent  to,  the  intrusion  of 
the  basic  dykes. 

The  large  basic  mass  two  miles  north  of  Loch  Gairloch  (Sheet 
91),  which  forms  Meall  Glac  na  Daraich,  is  entirely  isolated  by 
unconformable  Torridon  Sandstone,  and  no  outcrop  of  gneiss 
occurs  within  some  miles  of  it.  Consequently  its  relations  to 
the  rest  of  the  gneiss  are  doubtful,  but  it  probably  belongs  to  the 
early  basic  group.  In  general,  it  consists  of  a  coarse,  massive, 
light-coloured  diorite,  which  shows  little  or  no  trace  of  foliation, 
but  presents  in  places  prominent  divisional  planes  that  dip  south- 
east. A  few  narrow  bands  of  fine-grained  dark  rock,  which 
cross  the  coarser  material  in  various  places,  are  probably 
intrusive  and  rather  of  the  nature  of  sills  than  of  dykes.  They 
seem  mostly  to  trend  north-west  or  W.N.W.  and  to  dip  south- 
west. Narrow  zones  of  fairly  well-foliated  or  sheared  rock  are 
found  in  a  few  places  on  the  same  hill,  which  run  in  the  main 
in  the  same  direction  as  the  finer  bands  just  described,  and 
sometimes  coincide  with  them. 

In  the  promontory  of  Ard  lalltaig,  one  mile  south  of  Gairloch, 
a  considerable  amount  of  dark  hornblendic  rock  is  iri'egularly 
mixed  with  a  more  quartzose  variety.  In  a  central  band,  more 
than  a  quarter  of  a  mile  broad,  the  quartzose  tyj)e  contains  broad 
streaks  of  opalescent  quartz,  many  garnets,  and  largo  scattered 
crystals  of  hornblende.  Small  ^*augen"  of  felspar  are 
occasionally  found.  The  dark  and  the  pale  parts  sometimes 
occur  in  parallel  folia,  but  more  commonly  the  former  appear  as 
lumps  round  which  the  latter  sweep.  The  central  band  is 
crossed  by  many  thin  zones  of  sheared  granulitic  gneiss,  most  of 
which  are  vertical  and  strike  N.N.W.  On  either  side  of  this 
band  there  are  also  sheared  areas  of  some  width.  North-east  of 
it,  where  the  rocks  are  most  deformed  and  finely  granulitic,  the 
gneisses  are  flaggy,  vertical,  and  strike  N.N.W.,  and  are  difficult 
to  distinguish  from  the  schists  on  their  north-east  side,  which  are 
supposed  to  represent  altered  sediments.  Specimen  4342  was 
taken  as  an  example  of  one  of  the  sheared  zones  within  the 
central  band.      In  the  field,  the  obscure  or  irregularly  arranged 


198  The  Lemsian  Gntiss. 

parts  at  the  side  of  this  zone  are  seen  to  be  gradually  dragged 
into  parallelism,  in  a  vertical  position,  so  as  to  form  the  schistose 
material  from  which  the  specimen  was  taken.  This  specimen 
is  a  dark  fine-grained  rock  which  shows  on  the  weathered  face 
some  white  spots,  about  the  size  of  peas,  with  curved  tail-like 
processes.  Under  the  microscope  there  can  be  seen  various 
rounded  grains  of  a  mineral  whicn  is  probably  scapolite.  The 
white  spots  are  formed  of  more  or  less  granulitic  felspar,  and 
the  matrix  consists  of  colourless  microciystalline  material,  with 
small  flakes  of  pale-brown  mica.  in  the  section,  5128, 
representing  the  massive  rock  at  the  side  of  the  shear  zone  from 
which  the  scapolite  schist  was  procured,  no  scapolite  was  found. 

Excellent  sections  of  early  basic  rocks  occur  about  half  a  mile 
west,  and  half  a  mile  south-west,  of  MuUach  nan  Cadhaichean. 
Some  of  the  larger  masses  contain  pieces  of  garnet  varying  in 
size  from  a  pea  to  a  hazel  nut,  and  edged  with  rims  composed  of 
grains  of  wnite  felspar. 

North  of  Loch  Maree,  between  Ben  Slioch  and  the  Folais 
Bum,  homblendic  gneiss  appears,  and  near  the  centre  of  the 
area  various  broad  bands  of  hornblende-schist  have  been  noted, 
the  age  of  which  is  uncertain.  An  evenly  banded  variety  with 
epidote  often  appears  near  the  Letterewe  limestone  and  on  the 
north-east  side  of  the  thick  hornblende-schist  which  accompanies 
this  limestone. 

Early  basic  rocks  are  also  met  with  near  the  crag  tops  half  a 
mile  north-east  of  Carnmore,  and  on  the  west  and  north-west 
sides  of  Beinn  a*  Chaisgein  Mor,  to  the  north-east  of  Fionn  Loch. 
Near  the  latter  locality  the  basic  material  is  much  mixed  with  a 
pale-grey  acid  gneiss,  either  in  broad  masses  or  in  thin  irregular 
strings,  which  may  cross  the  foliation  of  the  basic  rock.  Large 
basic  lumps  are  also  enclosed  in  the  acid  gneiss.  Most  of  the 
basic  rock  consists  of  hornblende-schist  like  that  of  the  later 
dykes.  The  felspar  is  generally  subordinate  to  the  hornblende 
and  in  smaller  grains.  In  some  places  the  hornblende-schist 
and  the  acid  gneiss  are  crossed  by  a  second  foliation  which 
strikes  W.N.W.  parallel  to  the  axial  planes  of  various  sharp 
folds.  There  seems  no  clear  difference  in  stiiicture  between  the 
hornblende-schist  in  which  the  hornblendes  are  parallel  to  the 
second  foliation  and  that  in  which  they  are  parallel  to  the  broad 
banding. 

Muscovite  Bioiite  Gneisses, — Perhaps  the  commonest  rock  in 
the  early  complex  is  a  somewhat  acid  gneiss,  cariying  numerous 
flakes  of  black  biotite  and  occasional  muscovite.  Oligoclase, 
microcline,  and  sometimes  orthoclase,  are  also  present,  but  the 
first-mentioned  felspar  generally  occurs  in  excess,  and 
occasionally  to  the  exclusion  of  the  others.  Quartz  is  abundant 
and  generally  semi-opalescent.  The  structure  is  either  granitic 
or  granulitic.  The  types  shade  into  one  another,  and  the  more 
granulitic  are  found  in  zones  which  have  been  sheared  since  the 
mtrusion  of  the  basic  dykes.       Thin  lenticles  and  inclusions  of 
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hornblendite,  biotite-homblendite,  and  hornblende-schist  occur 
in  abundance  in  certain  places.  This  muscovite-biotite-gneiss 
often  contains  abundant  **  augen"  composed  of  felspar,  or  of 
felspar  with  a  small  proportion  of  quartz.  In  three  of  the 
specimens  that  have  been  sliced  the  felspar  in  the  *'  augen  "  is 
for  the  most  part  microcline  or  micropertnite.  In  a  fourth  it  is 
chiefly,  if  not  entirely,  oligoclase.  The  "  augen  ''  generally  occur 
somewhat  sporadically ;  in  a  few  places,  as,  for  instance,  rather 
more  than  a  third  and  nearly  half  a  mile  south  of  the  foot  of 
Loch  ToUie,  thin  fairly  well-defined  bands  contain  them  in 
special  abundance.  Thin  strings  of  augen-^neiss  occasionally 
penetrate  the  early  basic  rocks,  isolating  pieces  of  them  and 
cutting  the  banding.  On  the  other  hand,  augen-gneisses  are 
cut  by  many  basic  dykes. 

Muscovite-biotite-gneiss  forms  an  extensive  bare  area  on  the 
north-east  side  of  the  thick  hornblende-schist  which  runs  through 
Meall  Fuaraidh,  Sithean  Mor  (east  of  Gairloch),  and  Meall  Aun- 
drary,  between  Gairloch  and  Loch  Maree.  South-west  of  the  main 
zone  of  presumably  Archaean  sediments  in  Gairloch  it  is  very 
prominent,  and  perhaps,  as  a  rule,  is  there  more  rich  in  felspar 
eyes  than  on  the  north-east  side.  It  occurs  in  Xerrysdale 
in  association  with  altered  sediments,  and  sometimes  mixed  with 
them  in  thin  parallel  bands  in  a  greatly  sheared  condition; 
also  north-west  of  Dubh  Loch  (three  and  a  half  miles  south-east 
of  Gairloch),  where  it  is  traversed  by  thin  bands  of  hornblende- 
schist,  and  again  between  Shieldaig  and  Braigh  Horrisdale. 

The  north-west  part  of  the  tract  of  gneiss  between  Folais  and 
Slioch  consists  almost  wholly  of  acid  augen  gneiss,  over  an  area 
about  a  mile  and  a  half  long  from  north-west  to  south-east,  and 
between  half  and  two-thirds  of  a  mile  broad.  The  rock  north- 
east of  the  Gleaiin  Tulacha  and  Strathanmore  (north-east  of  Loch 
Maree)  altered  sediments,  and  between  Fionn  Loch  and  the 
Torridon  rocks  on  the  west  is  chiefly  biotite-gneiss  with  felspar 
**  augen.**  Similar  material  foims  bare  tracts  near  Gorm  Loch 
Mor,  on  the  north-east  side  of  Eilean  Fraoch  in  Fionn  Loch, 
and  on  the  west  slopes  of  Beinn  a*  Chaisgein  Mor. 

In  many  places  the  gneiss,  whether  with  or  without  '*  augen," 
contains  thin  subparallel  strips  of  redder  tint  than  the  rest,  some 
coarser  and  others  flner  in  grain  than  the  gneiss  in  which  they 
occur.  Both  coarse  and  flne  varieties  are  well  seen  in  the  area 
about  a  mile  and  a  third  S.S.W.  of  Beinn  Lair  (two  miles  north- 
east of  Letterewe,  Loch  Maree),  where  the  fine  strings  generally 
stand  out  in  relief  and  weather  with  smoother  surfaces  than  the 
rest  of  the  rock.  All  the  strings  are  truncated  by  the  basic 
dykes,  and  must  be  of  older  date.  They  are  usually  only  about 
an  inch  thick,  but  in  places  so  crowded  that  they  form  a 
considerable  proportion  of  the  whole  rock.  Apart  from  the 
redder  streaks,  an  early  banding,  older  than  the  basic  dykes,  is 
indicated  in  some  places  by  variations  in  the  amount  of  mica,  or 
by  thin  parallel  basic  streaks  and  lenticle^,  but  in  many  places 
little  or  no  indication  of  this  structure  can  be  seen. 
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The  matrix  in  which  the  **  augen  "  are  embedded  has  in  most 
districts  a  pale-grey  tint,  but  a  red  hne  pre^-ails  for  some 
distance  ojS  various  lines  of  crash.      In  the  sheared  rocks  the 

Suarti  chiefly  occurs  in  long  folia  which  frequently  sweep  round 
lie  '^  augen/'  but  among  the  less  sheared  types  this  mineral 
projects  m  an  irr^pilar  network  on  weathered  faces,  and  is  often 
opalescent.  Most  of  the  ''  augen  "  vary  from  the  size  of  a  small 
pea  to  that  of  a  walnut,  but  a  third  of  a  mile  south-west  of 
Feachaisgean  (Fionn  Loch),  an  example  of  one  was  seen  four 
inches  long  and  three  broad.  In  tne  fresh  rock  these  eyes 
generally  appear  of  a  more  pink  colour  than  the  small  felspars, 
and  in  most  of  the  larger  specimens  are  composed  of  more  than 
one  felspar  individual. 

In  certain  sheared  areas  numerous  thin  thrust-like  lines 
occasionally  displace  the  early  banding.  Some  of  these  perhaps 
existed  bdlore  tne  dykes,  thou|[h  the  rocks  in  which  they  occur 
have  been  subsequently  altered  m  structure.  In  some  exposures 
about  a  mile  8.S.E.  of  Feachaisgean  various  sharp  twists  in  the 
early  banding  are  accompanied  with  lines  of  discordance.  These 
lines  are  represented  by  streaks  which  are  not  more  granulitic  than 
the  adjacent  bands,  and  as  there  is  no  second  foliation  parallel  to 
them,  it  seems  probable  that  they  were  caused  by  movements  which 
took  place  before  consolidation. 

Inclusions  of  hornblende-schist,  or  of  dark  well-foliated  horn- 
blende-gneiss, with  the  folia  ending  bluntly  at  the  sides,  have 
been  noticed  in  many  places,  but  more  numerous  than  these  are 
small  lentides  and  straJcs  of  hornblende,  biotite-homblendite, 
and  biotite  rock.  Round  the  margins  of  these  lenticles 
an  obscure  banding  is  often  indicated  by  dark  micaceous  layers, 
which  are  crossed  by  a  second  foliation,  and  probably  existed 
before  the  intrusion  of  the  basic  dykes. 

In  a  few  places  where  the  shearing  has  been  intense,  the 
felspar  augen  have  been  granulitised  and  pulled  out  into  long 
streaks,  but  much  more  frequently  the  shearing  has  gone  round 
these  inclusions  without  much  altering  them.  The  exposures  on 
the  hillside,  a  mile  E.S.E.  of  Loch  Braigh  Horrisdale 
(south  of  Shieldai^  on  Loch  Gairloch),  show  the  augen  gneiss 
comparatively  unaltered.  Here  the  basic  dykes  are  foliated 
only  in  part,  and  show  intrusive  characters.  Common  planes  of 
foliation  of  secondary  origin  often  traverse  both  the  dykes  and 
the  augen  gneiss.  These  secondary  planes  generally  strike 
north-west,  and  are  parallel  to  the  sides  of  the  dykes,  but  they 
sometimes  can  be  traced  from  the  gneiss  into  the  dykes.  At  the 
same  place  in  two  thin  zones  of  the  gneiss  the  early  bands  become 
suddenlv  vertical,  or  are  sharply  contorted  along  axial  planes 
that  strike  W.N.W.  In  these  zones  the  bands  are  considerably 
thinned,  and  the  ouartz  and  felspar  granules  in  them  become 
smaller  and  more  elongated — all  in  one  direction. 

Rather  more  than  a  mile  south-west  of  Loch  Braigh  Horrisdale 
a  second  foliation  strikes  in  the  unusual  dire(!ti()n  of  about 
N.N.E..  and  thin  zones  of  shearing  run  north  and  south.       In 
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baflio  dykes  and  frequently  throw  them,  or  even,  near  the  north- 
east mazgin  of  the  gneiss  area,  cut  them  up  into  small  lenticles. 

Most  of  the  gneisses  of  Meadl  Biabhach  and  Smiorasair  differ 
from  those  in  vie  Begoilachy-Fasaffh  strip  in  being  much  more 
regularly  banded.  They  are  chieny  hard,  grey,  rather  massive 
sneisses,  with  not  much  biotite,  and  wi^  a  lack  of  lenticular 
flaky  or  wayy  structures.  The  gneiss  is,  as  a  rule,  ^pranitic 
rather  than  granulitic,  but  displi^s  strong  indications  of 
eatadastio  action  in  certain  parts  (4280). 

In  some  places  within  the  plicated  area  near  the  Dubh  Loch  of 
Cammore  (south-east  end  of^^ionn  Loch),  as,  for  instance,  near 
the  centre  of  the  anticline,  no  distinct  fillet  nor  second  foliation 
can  be  traced.  A  little  south-west  of  the  centre,  on  the  north- 
east sides  of  Gleann  Tulacha  and  Lochan  Fada,  the  gneiss  is  less 
massive  and  shows  a  foliation  that  dips  S.S.W.,  often  at  angles 
between  30^  and  60^,  while  on  the  north-east  side  the  general  dip 
is  steep,  often  about  70^,  in  a  northreast  direction.  An  earlier 
broad  bandii^  is,  however,  not  unfrequently  observed  which  is 
crossed  by  this  second  foliation,  and  it  must  be  remembered  that 
the  anticlinal  arrangement  refers  only  to  the  dykes,  and  the 
various  older  structures  are  now  difficult  to  trace. 

While  most  of  the  Cammore  gneiss  is  more  granitic  than 
ffranulitic  in  texture,  it  includes  a  zone  in  which  the  foliation  is 
finer  than  usual,  and  wherein  the  structure  may  be  partially 
eranulitic.  This  zone  keeps  at  the  side  of  the  folded  ana  foliated 
basic  dyke  which  crosses  the  stream  a  third  of  a  mile  east  of  Fuar 
Loch  Mor,  and  can  be  traced  more  than  five  miles.  It  contains 
more  quartz  veins  than  the  adjacent  gneiss,  and  shows  various 
thin  thrust-like  lines  parallel  to  the  djrke.  The  zone  probably 
acquired  its  finely  foliated  character  in  consequence  of  move- 
ments which  took  place  near  the  side  of  the  dyke  before  it  was 
folded  into  its  present  form. 

Where  the  felspar  "  augen  *'  are  absent  the  gneisses  near 
Cammore  bear  a  resemblance  to  some  of  those  near  Laxford  and 
also  to  the  less  fissile  rocks  in  the  plicated  tract  south-east  of  Loch 
ToUie,  but  the  rodded  structure  is  not  so  apparent  as  in  the 
latter  tract.  The  Loch  ToUie  and  Cammore  areas  resemble  the 
ground  near  Laxford  in  containing  pegmatites  later  than  the 
foliation  of  the  basic  dykes,  and  the  gneisses  there  have  probably 
at  some  pre-Torridonian  period  been  covered  by  a  greater  thick- 
ness of  rock  than  those  in  adjacent  tracts. 

The  biotite  gneiss  west  of  Fionn  Loch  near  the  north  limit  of 
the  district  is  generally  coarse-grained,  grey  in  colour  or  some- 
times pinkish,  and  with  rude  or  irreeular  foliation.  A  low 
anticline — ^no  doubt  a  continuation  of  that  at  Cammore — crosses 
this  area  in  a  nearly  east  and  west  direction  from  a  little  south- 
west of  Eilean  Fraoch  towards  the  south  end  of  Loch 
Ghiuragarstidh  (two  miles  east  of  Poolewe).  The  northern  dip 
of  the  foliation  from  this  central  line  is  at  first  about  30^  or  40^, 
but  it  increases  in  a  northward  direction,  so  that  near  the  northern 
boundary  of  the  area  it  becomes  nearly  vertical.     The  southerly 


Loch  Maru  and  Gairloch  DidHct.  203 

dip  from  the  anticlinal  axis  is  S.S.W.  at  angles  of  30°  or  40^. 
Near  Kemsaiy  a  number  of  minor  folds  are  accompanied  by 
ihnut-Iines  along  which  the  rock  is  finer  in  grain  and  more 
evenly  foliated,  generally  with  abundant  white  mica  on  the 
foliation-planes.  The  gneiss  on  the  north  and  north-west  sides 
of  the  Bemn  Airidh  a'  Char  (three  and  a  half  miles  N.N.W.  of 
Letterewe,  Loch  Maree)  hornblende-schist  is  generally  fine  in 
erain  and  well  foliated,  often  displaying  much  white  mica  on  the 
foliation-planes.  Some  of  the  specimens  which  haye  been 
sliced  show  marked  signs  of  cataclastic  structure,  while  others 
are  granulitic. 

BASIC   DYKES. 

Well  developed  in  this  district,  these  dykes  display  the 
characteristic  features  which  have  been  already  described  m  the 
districts  further  to  the  north.  In  those  areas  where  they  have 
been  least  altered  they  strike  towards  north-west  and  are  nearly 
vertical,  as  may  be  typically  seen  in  the  examples  on  the  head- 
land a  mile  W.rf .  W.  of  Ardlair,  on  the  hill-slopes  west  and  south 
of  Meall  an  Tuim  Bhuidhe,  and  near  Braigh  Horrisdale.  In 
such  situations  they  partially  reveal  their  original  structure  and 
composition.  In  only  two  instances,  however,  both  of  which 
came  from  the  headland  on  Loch  Maree  nearly  opposite  Ardlair, 
has  any  original  pyroxene  been  detected.  A  minor  amount  of 
alteration  is  shown  where  they  have  passed  into  epidiorite,  but  the 
^reat  majority  of  them  have  been  so  thoroughly  altered  as  to 
nave  become  hornblende-schist.  Occasionally  the  original 
igneous  structure  has  not  been  effaced,  as  in  the  case  of  a  dyke 
near  Sithean  Mor  (2^  miles  south  of  Gairloch),  which  has  pre- 
served an  unusually  perfect  ophitic  grouping  of  its  constituents, 
and  in  this  respect  the  dyke  resembles  many  of  the  Central 
Highland  sills  more  than  the  dykes  of  Scourie*. 

Near  Meall  an  Tuim  Bhuidhe  two  dykes  have  been 
noted,  each  almost  free  from  foliation,  and  presenting 
large  scattered  aggregates  of  felspar  in  a  black  fine- 
grained crystalline  matrix.  One  of  them  is  well  seen 
about  half  a  mile,  and  the  other  about  1500  yards, 
S.S.W.  of  the  hill  top.  Under  the  microscope  (4193)  the  edges 
of  the  aggregates  are  seen  to  be  frequently  indented  by  small 
crystals  of  hornblende,  and  io  blend  with  the  gefteral  mass  of  the 
rock,  which  is  a  granulitic  aggregate  of  hornblende  and  felspar. 
The  felspar  appears  to  be  an  oligoclase-andesine,  and  contains 
small  inclusions  of  hornblende. 

But  even  where  the  material  of  the  dykes  has  become  distinctly 
schistose,  the  forms  of  some  of  the  original  minerals  may  occa- 
sionally be  detected.  Thus,  between  Loch  Garbhaig,  north  of 
Ben  Siioch,  Loch  Maree,  and  the  north  and  south  burn,  rather 
more  than  a  mile  west  ot  that  loch,  various  bands  of  honiblende- 
schist  contain  somewhat  idiomorphie  porphyritic  forms  composed 
of  granules  of  felspar.     One  of  these  bands,  about  1000  yards 

"^This  dyke  is  mentioned  again  in  this  chapter. 
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parts  at  the  side  of  this  zone  are  seen  to  be  gradually  dragged 
into  parallelism,  in  a  vertical  position,  so  as  to  form  the  schistose 
material  from  which  the  specmien  was  taken.  This  specimen 
is  a  dark  fine-grained  rock  which  shows  on  the  weathered  face 
some  white  spots,  about  the  size  of  peas,  with  curved  tail-like 
processes.  tinder  the  microscope  there  can  be  seen  various 
rounded  grains  of  a  mineral  which  is  probably  scapolite.  The 
white  spots  are  formed  of  more  or  less  granulitic  felspar,  and 
the  matrix  consists  of  colourless  microcrystalline  material,  with 
small  flakes  of  pale-brown  mica.  In  the  section,  5128, 
representing  the  massive  rock  at  the  side  of  the  shear  zone  from 
which  the  scapolite  schist  was  procured,  no  scapolite  was  found. 

Excellent  sections  of  early  basic  rocks  occur  about  half  a  mile 
west,  and  half  a  mile  south-west,  of  MuUach  nan  Cadhaichean. 
Some  of  the  larger  masses  contain  pieces  of  garnet  varying  in 
size  from  a  pea  to  a  hazel  nut,  and  edged  with  rims  composed  of 
grains  of  wnite  felspar. 

North  of  Loch  Maree,  between  Ben  Slioch  and  the  Folais 
Bum,  homblendic  gneiss  appears,  and  near  the  centre  of  the 
area  various  broad  bands  of  nomblende-schist  have  been  noted, 
the  age  of  which  is  uncertain.  An  evenly  banded  variety  with 
epidote  often  appears  near  the  Letterewe  limestone  and  on  the 
north-^ast  side  of  the  thick  hornblende-schist  which  accompanies 
this  limestone. 

Early  basic  rocks  are  also  met  with  near  the  cra^  tops  half  a 
mile  north-east  of  Cammore,  and  on  the  west  and  north-west 
sides  of  Beinn  a'  Chaisgein  Mor,  to  the  north-east  of  Fionn  Loch. 
Near  the  latter  locality  the  basic  material  is  much  mixed  with  a 
pale-grey  acid  gneiss,  either  in  broad  masses  or  in  thin  irregular 
strings,  which  may  cross  the  foliation  of  the  basic  rock.  Large 
basic  lumps  are  also  enclosed  in  the  acid  gneiss.  Most  of  the 
basic  rock  consists  of  hornblende-schist  like  that  of  the  later 
dykes.  The  felspar  is  generally  subordinate  to  the  hornblende 
and  in  smaller  grains.  In  some  places  the  hornblende-schist 
and  the  acid  gneiss  are  crossed  by  a  second  foliation  which 
strikes  W.N.W.  parallel  to  the  axial  planes  of  various  sharp 
folds.  There  seems  no  clear  difference  in  structure  between  the 
hornblende-schist  in  which  the  hornblendes  are  parallel  to  the 
second  foliation  and  that  in  which  they  are  parallel  to  the  broad 
banding. 

Muscovite  Bioiite  Gneisses. — Perhaps  the  commonest  rock  in 
the  early  complex  is  a  somewhat  acid  gneiss,  carrying  numerous 
flakes  of  black  biotite  and  occasional  muscovite.  Oligoclase, 
microcline,  and  sometimes  orthoclase,  are  also  present,  but  the 
first-mentioned  felspar  generally  occurs  in  excess,  and 
occasionally  to  the  exclusion  of  the  others.  Quaitz  is  abundant 
and  generally  semi-opalescent.  The  structure  is  either  granitic 
or  granulitic.  The  types  shade  into  one  another,  and  the  more 
g^ranulitic  are  found  in  zones  which  have  been  sheared  since  the 
intrusion  of  the  basic  dykes.       Thin  lenticles  and  inclusions  of 
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homblendite,  biotite-homblendite,  and  hornblende-schist  occur 
in  abnndance  in  certain  places.  This  muscovite-biotite-gneiss 
often  contains  abundant  '*  augen"  composed  of  felspar,  or  of 
felspar  with  a  small  proportion  of  quartz.  In  three  of  the 
specimens  that  have  been  sliced  the  felspar  in  the  '*  augen"  is 
for  the  most  part  microcline  or  micropertnite.  In  a  fourth  it  is 
chiefly,  if  not  entirely,  oligoclase.  The  **  augen  "  generally  occur 
somewhat  sporadically ;  in  a  few  places,  as,  for  instance,  rather 
more  than  a  third  and  nearly  half  a  mile  south  of  the  foot  of 
Loch  Tollie,  thin  fairly  well-defined  bands  contain  them  in 
special  abundance.  Thin  strings  of  augen-^neiss  occasionally 
penetrate  the  early  basic  rocks,  isolating  pieces  of  them  and 
cutting  the  bandine.  On  the  other  hand,  augen-gneisses  are 
cut  by  many  basic  dykes. 

Muscovite-biotite-gneiss  forms  an  extensive  baie  area  on  the 
north-east  side  of  the  thick  hornblende-schist  which  runs  through 
MeaU  Fuaraidh,  Sithean  Mor  (east  of  Gairloch),  and  Meall  Aun- 
drary,  between  Gairloch  and  Loch  Maree.  South-west  of  the  main 
zone  of  presumably  Archsean  sediments  in  Gairloch  it  is  very 
prominent,  and  perhaps,  as  a  rule,  is  there  more  rich  in  felspar 
eyes  than  on  the  north-east  side.  It  occurs  in  Xerrysdale 
in  association  with  altered  sediments,  and  sometimes  mixed  with 
them  in  thin  parallel  bands  in  a  greatly  sheared  condition; 
also  north-west  of  Dubh  Loch  (three  and  a  half  miles  south-east 
of  Gairloch),  where  it  is  traversed  by  thin  bands  of  hornblende- 
schist,  and  again  between  Shieldaig  and  Braigh  Horrisdale. 

The  north-west  part  of  the  tract  of  gneiss  between  Folais  and 
Slioch  consists  almost  wholly  of  acid  augen  gneiss,  over  an  area 
about  a  mile  and  a  half  long  from  north-west  to  south-east,  and 
between  half  and  two- thirds  of  a  mile  broad.  The  rock  north- 
east of  the  Gleaiin  Tulacha  and  Strathanmore  (north-east  of  Loch 
Maree)  altered  sediments,  and  between  Fionn  Loch  and  the 
Torridon  rocks  on  the  west  is  chiefly  biotite-gueiss  with  felspar 
**  augen."  Similar  material  forms  bare  tracts  near  Gorm  Loch 
Mor,  on  the  north-east  side  of  Eilean  Fraocli  in  Fionn  Loch, 
and  on  the  west  slopes  of  Beinn  a'  Chaisgein  Mor. 

In  many  places  the  gneiss,  whether  with  or  without  '*  augen," 
contains  thin  subparallel  strips  of  redder  tint  than  the  rest,  flome 
coarser  and  others  finer  in  grain  than  the  gneiss  in  which  they 
occur.  Both  coarse  and  fine  varieties  are  well  seen  in  the  area 
about  a  mile  and  a  third  S.S.W.  of  Beinn  Lair  (two  miles  north- 
east of  Letterewe,  Loch  Maree),  where  the  fine  strings  generally 
stand  out  in  relief  and  weather  with  smoother  surfaces  than  the 
rest  of  the  rock.  All  the  strings  are  truncated  by  the  basic 
dykes,  and  must  be  of  older  date.  They  are  usually  only  about 
an  inch  thick,  but  in  places  so  crowded  that  they  form  a 
considerable  proportion  of  the  whole  rock.  Apart  from  the 
redder  streaks,  an  early  banding,  older  than  the  basic  dykes,  is 
indicated  in  some  places  by  variations  in  the  amount  of  mica,  or 
by  thin  parallel  basic  streaks  and  len tides,  but  in  many  places 
little  or  no  indication  of  this  structure  can  be  seen. 
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The  matrix  in  which  the  **  augen  "  are  embedded  has  in  most 
districts  a  pale-grey  tint,  but  a  red  hue  prevails  for  some 
distance  off  various  lines  of  crush.  In  the  sheared  rocks  the 
quartz  chiefly  occurs  in  long  folia  which  frequently  sweep  round 
the  **  augen,"  but  among  the  less  sheared  types  this  mineral 
projects  in  an  irregular  network  on  weathered  faces,  and  is  often 
opalescent.  Most  of  the  "  augen  "  vary  from  the  size  of  a  small 
pea  to  that  of  a  walnut,  but  a  third  of  a  mile  south-west  of 
Feachaisgean  (Fionn  Loch),  an  example  of  one  was  seen  four 
inches  long  and  three  broad.  In  the  fresh  rock  these  eyes 
generally  appear  of  a  more  pink  colour  than  the  small  felspars, 
and  in  most  of  the  larger  specimens  are  composed  of  more  than 
one  felspar  individual. 

In  certain  sheared  areas  numerous  thin  thrust-like  lines 
occasionally  displace  the  early  banding.  Some  of  these  perhaps 
existed  before  xhe  dykes,  though  the  rocks  in  which  they  occur 
have  been  subsequently  altered  in  structure.  In  some  exposures 
about  a  mile  S.S.E.  of  Feachaisgean  various  sharp  twists  in  the 
early  banding  are  accompanied  with  lines  of  discordance.  These 
lines  are  represented  by  streaks  which  are  not  more  granulitic  than 
the  adjacent  bands,  and  as  there  is  no  second  foliation  parallel  to 
them,  it  seems  probable  that  they  were  caused  by  movements  which 
took  place  before  consolidation. 

Inclusions  of  hornblende-schist,  or  of  dark  well-foliated  horn- 
blende-gneiss, with  the  folia  ending  bluntly  at  the  sides,  have 
been  noticed  in  many  places,  but  more  numerous  than  these  are 
small  lenticles  and  streaks  of  hornblende,  biotite-hornblendite, 
and  biotite  rock.  Round  the  margins  of  these  lenticles 
an  obscure  banding  is  often  indicated  by  dark  micaceous  layers, 
which  are  crossed  by  a  second  foliation,  and  probably  existed 
before  the  intrusion  of  the  basic  dykes. 

In  a  few  places  where  the  shearing  has  been  intense,  the 
felspar  augen  have  been  granulitised  and  pulled  out  into  long 
streaks,  but  much  more  frequently  the  shearing  has  gone  round 
these  inclusions  without  much  altering  them.  The  exposures  on 
the  hillside,  a  mile  E.S.E.  of  Loch  Braigh  Ilorrisdale 
(vsouth  of  Shieldaig  on  Loch  Gairloch),  show  the  augen  gneiss 
comparatively  unaltered.  Here  the  basic  dykes  are  foliated 
only  in  part,  and  show  intrusive  characters.  Common  planes  of 
foliation  of  secondary  origin  often  traverse  both  the  dykes  and 
the  augen  gneiss.  These  secondary  planes  generally  strike 
north-west,  and  are  parallel  to  the  sicies  of  the  dykes,  but  thev 
sometimes  can  be  traced  from  the  gneiss  into  the  dykes.  At  the 
same  place  in  two  thin  zones  of  the  gneiss  the  early  bands  become 
suddenly  vertical,  or  are  sharply  contorted  along  axial  planes 
that  strike  W.N.W.  In  these  zones  the  bands  are  consideral)ly 
thinned,  and  the  quartz  and  felspar  granules  in  them  become 
smaller  and  more  elongated — all  in  one  direction. 

Rather  more  than  a  mile  south-west  of  Loch  Braigh  Horrisdale 
a  second  foliation  strikes  in  the  unusual  dirertion  of  about 
X.N.E.,  and  thin  zones  of  shearing  run  north  and  south.       In 
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the  south  part  of  the  large  inlier  on  the  east  side  of  AUt  a' 
Ghiubhais  an  occasional  second  foliation  strikes  north-east.  It 
is  accompanied  with  contortions  along  axial  planes  in  this 
direction.  At  each  of  these  localities  the  basic  dykes  run  north- 
west, and  the  unusual  trend  of  the  second  foliation  cannot  be  due 
to  folding  of  a  second  foliation  which  had  originally  a  different 
direction.  In  the  inlier,  three-quarters  of  a  mile  east  of  Loch 
na  h-Uamha  (four  miles  S.S.W.  of  Shieldaig  on  Loch  Gairloch), 
and  in  the  ai-ea  west  and  south  of  Aleall  an  Tuini  Bhuidhe  (five 
miles  south  of  Shieldaig),  parts  of  the  acid  gneiss  show  no  dis- 
tinct early  banding  nor  yet  any  second  foliation,  even  though  the 
adjoining  basic  dykes  are  foliated. 

A  litue  north-east  of  Lochan  Druim  na  Fearna,  some  fine 
schists  appear,  which  are  supposed  to  have  been  formed  in  part 
from  an  acid  augen-gneiss.  They  form  a  narrow  valley  which 
runs  north-west  from  the  side  of  Dubh  Loch.  Weathering  with 
a  yellow  colour,  they  are  very  micaceous  and  fissile,  and  contain 
many  small  augen,  often  about  half  an  inch  broad,  together  with 
streaks  of  quartz  and  felspar.  (jn  the  north-east  side  of  the 
valley  a  much  sheared  augen-gneiss  winds  round  a  large  piece  of 
hornblende-gneiss.  The  latter  does  not  show  much  alteration, 
the  shearing  movement  having  gone  round  it.  The  quartzo- 
felspathic  matrix  is  finely  granulitised,  but  the  felspar-augen  are 
not.  Some  of  the  fine  granulitic  schists  with  small  felspar- 
augen  are  mixed  with  the  mica  schists  at  the  south-west  side  of 
the  main  zone  of  the  Archaean  sediments  of  Gairloch,  from  which 
they  can  with  difficulty  be  distinguished.  Augen  schists  of  this 
character  are  well  seen  in  the  banks  of  the  Kerry  about  a  quarter 
of  a  mile  below  the  large  waterfall. 

Near  the  crushes  on  the  north-east  side  of  the  thick  hornblende- 
schist,  about  a  mile  and  a  half  south-east  of  Loch  liad  an  Sgalaig 
(three  miles  S.S.E.  of  Gairloch),  the  shearing  has  sometimes 
gone  so  far  as  to  transform  the  large  felspar-augen  into  long 
lenticles  composed  of  minute  <j;ranules.  Thesse  lenticles  are  red 
while  the  surrounding  matrix,  in  consequence  of  its  abundant 
biotite,  appears  dark  grey.  Many  of  the  augen  near  the 
mylonised  bands  on  the  west  side  of  the  burn  ratlier  loss  tlian  a 
mile  north-east  of  Fumes  have  also  been  partially  granulitised 
and  deformed. 

The  gneisses  in  the  narrow  stiip  on  the  north-east  side  of 
Loch  Maree,  between  the  promontory  near  Regoilachy  and 
Fasagh,  are  medium-grained  and  show  a  tolerably  well-marked 
arallel  structure  of  a  flaky  or  lenticular  type,  but  no  well-defined 
anding.  Near  the  loch  the  structures  generally  strike  north- 
west and  are  vertical,  but  there  is  evidence  eveiy  here  and  there 
of  intense  contortion.  None  of  these  gneisses  are  free  from 
strain,  though  this  feature  is  least  marked  in  those  by  the  loch. 
As  they  recede  from  the  loch  the  gneisses  become  more  and  more 
crushed  along  lines  of  dislocation  which  are  nearly  vertical  and 
strike  north-west  and  W.N.W.       These  lines  also  traverse  the 
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basic  dykes  and  frequently  throw  them,  or  even,  near  the  north- 
east margin  of  the  gneiss  area,  cut  them  up  into  small  lenticles. 

Most  of  the  gneisses  of  Meall  ttiabhach  and  Smiorasair  differ 
from  those  in  the  Regoilachy-Fasagh  strip  in  being  much  more 
regularly  banded.  They  are  chiefly  hard,  grey,  rather  massive 
gneisses,  with  not  much  biotite,  and  with  a  lack  of  lenticular 
naky  or  wavy  structures.  The  gneiss  is,  as  a  rule,  granitic 
rather  than  granulitic,  but  displays  strong  indications  of 
cataclastic  action  in  certain  part«  (4280). 

In  some  places  within  the  plicated  area  near  the  Dubh  Loch  of 
Cammore  (south-east  end  of  Fionn  Loch),  as,  for  instance,  near 
the  centre  of  the  anticline,  no  distinct  first  nor  second  foliation 
can  be  traced.  A  little  south-west  of  the  centre,  on  the  north- 
east sides  of  Gleann  Tulacha  and  Lochan  Fada,  the  gneiss  is  less 
massive  and  shows  a  foliation  that  dips  S.S.W.,  often  at  angles 
between  30^  and  60^,  while  on  the  north-east  side  the  general  dip 
is  steep,  often  about  70^,  in  a  north-east  direction.  An  earlier 
broad  oanding  is,  however,  not  unfrequently  observed  which  is 
crossed  by  this  second  foliation,  and  it  must  be  remembered  that 
the  anticlinal  arrangement  refers  only  to  the  dykes,  and  the 
various  older  structures  are  now  difficult  to  ti-ace. 

While  most  of  the  Cammore  gneiss  is  more  granitic  than 

franulitic  in  texture,  it  includes  a  zone  in  which  the  foliation  is 
ner  than  usual,  and  wherein  the  structure  may  be  partially 
granulitic.  This  zone  keeps  at  the  side  of  the  folded  and  foliated 
basic  dyke  which  crosses  the  stream  a  third  of  a  mile  east  of  Fuar 
Loch  Mor,  and  can  be  traced  more  than  five  miles.  It  contains 
more  quartz  veins  than  the  adjacent  gneiss,  and  shows  various 
thin  tnrust-like  lines  parallel  to  the  dyke.  The  zone  probably 
acquired  its  finely  foliated  character  in  consequence  of  move- 
ments which  took  place  near  the  side  of  the  dyke  before  it  was 
folded  into  its  present  form. 

Where  the  felspar  **  augen  ''  are  absent  the  gneisses  neur 
Cammore  bear  a  resemblance  to  some  of  those  near  Laxford  and 
also  to  the  less  fissile  rocks  in  the  plicated  tract  ^south-east  of  Loch 
ToUie,  but  the  rodded  structure  is  not  so  apparent  as  in  the 
latter  tract.  The  Loch  Tollie  and  Carnmore  areas  resemble  the 
ground  near  Laxford  in  containing  pegmatites  later  than  the 
foliation  of  the  basic  dykes,  and  the  gneisses  there  have  probably 
at  some  pre-Torridonian  period  been  covered  by  a  greater  thick- 
ness of  rock  than  those  in  adjacent  tracts. 

The  biotite  gneiss  west  of  Fionn  Loch  near  the  north  limit  of 
the  district  is  generally  coarse-grained,  grey  in  colour  or  some- 
times pinkish,  and  with  rude  or  irregular  foliation.  A  low 
anticline — no  doubt  a  continuation  of  that  at  Carnmore — crosses 
this  area  in  a  nearly  east  and  west  direction  from  a  little  south- 
west of  Eilean  Fraoch  towards  the  south  end  of  Loch 
Ghiuragarstidh  (two  miles  east  of  Poolewe).  The  northern  dip 
of  the  foliation  from  this  central  line  is  at  first  about  30°  or  40°, 
but  it  increases  in  a  northward  direction,  so  that  near  the  northern 
boundary  of  the  area  it  becomes  nearly  vertical.     The  southerly 
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dip  from  the  anticlinal  axis  is  S.S.W.  at  angles  of  30°  or  40^. 
Kear  Kemsary  a  number  of  minor  folds  are  accompanied  by 
thruAi-lines  along  which  the  rock  is  finer  in  grain  and  more 
evenly  foliated,  generally  with  abundant  white  mica  on  the 
foliation-planes.  The  gneiss  on  the  north  and  north-west  sides 
of  the  Beinn  Airidh  a'  Char  (three  and  a  half  miles  N.N.W.  of 
Letterewe,  Loch  Maree)  hornblende- schist  is  generally  fine  in 
grain  and  well  foliated,  often  displaying  much  white  mica  on  the 
foliation-planes.  Some  of  the  specimens  which  have  been 
sliced  show  marked  signs  of  cataclastic  structure,  while  others 
are  granulitic. 

BASIC   DYKES. 

Well  developed  in  this  district,  these  dykes  display  the 
characteristic  features  which  have  been  already  described  in  the 
districts  further  to  the  north.  In  those  areas  where  they  have 
been  least  altered  they  strike  towards  north-west  and  are  nearly 
vertical,  as  may  be  typically  seen  in  the  examples  on  the  head- 
land a  mile  W.N.W.  of  Ardlair,  on  the  hill-slopes  west  and  south 
of  Meall  an  Tuim  Bhuidhe,  and  near  Braigh  Horrisdale.  In 
such  situations  they  partially  reveal  their  original  structure  and 
composition.  In  only  two  instances,  however,  both  of  which 
came  from  the  headland  on  Loch  Maree  nearly  opposite  Ardlair, 
has  any  original  pyroxene  been  detected.  A  minor  amount  of 
alteration  is  shown  where  they  have  passed  into  epidiorite,  but  the 

freat  majority  of  them  have  been  so  thoroughly  altered  as  to 
ave  become  hornblende-schist.  Occasionally  the  original 
igneous  structure  has  not  been  effaced,  as  in  the  case  of  a  dyke 
near  Sithean  Mor  (2^  miles  south  of  Gairloch),  which  has  pre- 
served an  unusually  perfect  ophitic  grouping  of  its  constituents, 
and  in  this  respect  the  dj'^ke  resembles  many  of  the  Central 
Highland  sills  more  than  the  dykes  of  Scourie*. 

Near  Meall  an  Tuim  Bhuidhe  two  dykes  have  been 
noted,  each  almost  free  from  foliation,  and  presenting 
large  scattered  aggregates  of  felspar  in  a  black  fine- 
grained crystalline  matrix.  One  of  them  is  well  seen 
about  half  a  mile,  and  the  other  about  1500  yards, 
S.S.W.  of  the  hill  top.  Under  the  microscope  (4193)  the  edges 
of  the  aggregates  are  seen  to  be  frequently  indented  by  small 
crystals  of  hornblende,  and  to  blend  with  the  geAeral  mass  of  the 
rock,  which  is  a  granulitic  aggregate  of  hornblende  and  felspar. 
The  felspar  appears  to  be  an  oligoclase-andesino,  and  contains 
small  inclusions  of  hornblende. 

But  even  where  the  material  of  the  dykes  has  become  distinctly 
schistose,  the  forms  of  some  of  the  original  minerals  may  occa- 
sionally be  detected.  Thus,  between  Loch  Garbhaig,  north  of 
Ben  Slioch,  Loch  Maree,  and  the  north  and  south  burn,  rather 
more  than  a  mile  west  ot  that  loch,  various  bands  of  hornblende- 
schist  contain  somewhat  idiomorphic  porphyritic  forms  composed 
of  granules  of  felspar.     One  of  these  bands,  about  1000  yards 

*This  dyke  is  mentioned  again  in  this  chapter. 
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W.N.W.  of  the  outlet  of  the  loch,  is  composed  of  different  layers 
that  vaiy  slightly  in  character;  some  of  them  show  the 
porphyritic  forms,  often  about  half  an  inch  long,  so  crowded 
together  as  to  equal  in  bulk  the  rest  of  the  rock,  while  in  other 
layers  these  inclusions  are  rare  or  absent.  Again,  about  1000 
yards  north-east  i>y  north  of  Furnes,  a  hornblende-schist 
appears,  parts  of  which  are  full  of  porphjTitic  forms  of  felspar 
giving  lath-shaped  and  squarish  sections.  Near  the  sides  of 
the  schist,  and  along  certain  bands  in  the  interior  of  the  dyke, 
these  felspars  have  been  sheared,  and  are  represented  by  thin 
parallel  streaks. 

The  basic  dykes  vary  in  breadth  from  a  few  inches  to  100  yards 
or  more.  The  same  dyke  may  likewise  differ  considerably  in 
width  at  various  parts  of  its  course.  Thus,  three-quarters  of  a 
mile  north-west  of  the  outlet  of  Loch  Braigh  Horrisdale  a  dyke 
has  a  breadth  of  about  110  yards,  but  a  quarter  of  a  mile  further 
north-west  it  measures  only  40  yards. 

In  two  of  the  unfoliated  dykes,  one,  already  referred  to,  on  the 
headland  W.N.W.  of  Ardlair,  and  the  other  200  yards  south-east 
of  the  top  of  Sithean  Mor,  2j  miles  south  of  Gairloch,  two  dis- 
tinct types  of  material  have  been  observed  which  may  belong  to 
successive  intrusions.  In  each  case  the  coarser  rock  appears  to 
be  the  older,  but  it  may  perhaps  not  have  thoroughly  cooled  when 
the  other  material  was  injected,  for  in  the  last-mentioned  dyke 
coarse  veins,  like  the  segregation  veins  of  an  igneous  magma, 
cross  both  varieties  of  rock. 

The  dyke  just  referred  to  shows  no  foliation  in  the  centre  where 
it  is  an  ophitic-dolerite,  yet  contains  several  fine-grained  bands,  a 
yard  or  two  broad,  that  display  sharp  junctions  with  the  coarse 
rock.  Some  of  these  were  traced  20  or  30  yards  nearly  parallel 
to  the  sides  of  the  dvke  mass  in  which  they  occur.  The  fine- 
grained  type  is  composed  of  the  same  materials,  but  shows  a 
micro-porphyritic  structure. 

In  most  of  the  foliated  dykes  the  foliation  is  parallel 
to  the  sides  of  the  dykes.  The  mai'f^ins  are  more  closely 
foliated  than  the  interiors,  and  in  the  broad  dykes  are  often 
finely  schistose,  while  the  central  portion  may  remain,  wholly  or 
in  pai*t,  in  a  massive  condition.  Not  unfrequently  elosely 
foliated  parts  wind  round  large  eye-shaped  masses  of  less  foliated, 
or  even  massive,  rock.  A  dyke  half  a  mile  south-east  of  Sithean 
Mor  (2^  miles  south  of  Gairloch)  exhibits  a  string  of  such  masses, 
about  a  yard  broad  and  from  two  to  four  yards  long,  connected 
together  by  narrow  constrictions  and  having  their  long  axes 
parallel  to  the  trend  of  the  dyke. 

That  the  foliation  in  the  dykes  in  the  Loch  Maree  district  is 
in  most  cases  parallel  to  their  margins,  and  most  perfectly 
developed  near  the  sides,  is  no  doubt  due  to  the  fact  that  most  of 
the  movements  which  gave  rise  to  the  foliation  have,  in  this 
district,  proceeded  along  the  lines  of  the  dykes.  These  move- 
ments have  often  had  less  influence  on  the  contiguous  gneiss  than 
on  the  dykes,  many  of  which  are  well  foliated,  while  the  adjoin- 
ing gneiss  shows  comj)aratively  little  alteration. 
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Few  bands  of  hornblende-schist,  which  can  be  proved  to 
represent  dykes,  show  so  close  a  foliation  as  that  frequently 
obsenrable  in  the  thick  hornblende-schists  associated  with  the 
altered  sediments  in  the  Lewisian  gneiss.  There  can  be  little 
doubt,  however,  that  some  of  the  very  finely-foliated  thin  bands 
OD  An  Ard  (Gairloch),  and  between  there  and  Loch  Kerry, 
represent  dykes,  for  they  are  flanked  by  gneiss  on  either  side. 
The  intensity  of  shearing  which  has  produced  the  very  close 
foliation  has  probably  sufficed  to  destroy  the  evidence  of  the 
intrusive  character  of  many  of  the  bands. 

Where  the  dykes  are  foliated  throughout  in  directions 
transverse  to  their  course,  the  foliation  in  them  corresponds 
with  a  second  foliation  in  the  gneiss,  or  with  an  early  banding 
which  has  been  thinned  and  modified.  In  the  latter  case,  the 
modified  banding  represents  both  the  first  and  second  foliation. 
In  a  section  nearly  a  mile  slightly  north  of  west  of  Mullach  nan 
Cadhaichean,  the  foliation  in  a  dyke  is  transverse  to  the  side,  and 
the  second  foliation  in  tne  gneiss  is  parallel  to  the  axial  planes  of 
some  small  folds  which  are  seen  in  the  gneiss,  but  which  do  not 
seem  to  affect  the  margins  of  the  dyke.  As  the  foliation  planes 
in  the  dyke  are  continuations  of  the  second  foliation  planes  in 
the  gneiss,  the  foliation  in  the  dyke  must  have  been  produced  at 
the  same  time  as  these  folds,  though  no  indications  of  folding  are 
to  be  observed  on  the  sides  of  the  dykes.  The  foliation  which 
has  been  produced  simultaneously  in  both  gneiss  and  dykes  is  in 
seme  districts  so  strong  that  it  obscures  the  early  broad  bands 
which  existed  in  the  gneiss  before  the  dykes  were  intruded. 
These  early  bands  have  also  been  dragged  so  that  their  outcrops 
are  almost  parallel  to  the  dykes. 

Although  the  mechanical  deformation  which  the  dykes  have 
thus  undergone  has  to  a  large  extent  destroyed  the  evidence  of 
their  intrusive  character,  abundant  satisfactory  proofs  of  their 
original  injection  into  the  surrounding  rocks  have  been  obtained 
in  many  areas,  particularly  near  Loch  Braigh  Ilorrisdail,  and 
Meall  an  Tuim  Bhuidhe.  Near  Lochan  Driiim  na  Fearna  various 
hands  of  hornblende-schist  can  be  traced  for  a  mile  or  more 
keeping  so  nearly  parallel  to  the  limestone  that  their  original 
dyke-like  character  might  well  he  doubted,  were  it  not  for  the 
phenomena  seen  a  little  further  .south-west,  where,  after  passing 
many  parallel  bands  of  similar  schist  separated  by  thin  strips  of 
gneiss,  we  reach,  near  Mullach  nan  Cadhaichean,  a  series  of 
homblendic  bands  which  are  generally  less  sheared  than  those 
near  the  limestone,  and  display  repeated  evidence  of  intrusion. 

On  the  north-east  side  of  the  thick  hornblende-schist  near 
Loch  Bad  an  Sgalaig,  Loch  Airidli  a'  Pluiill,  and  near  ^leall 
Airidh  Mhic  Criadh,  between  Loch  Gairloch  and  Loch  Maree, 
the  parallelism  of  the  foliation  planes  in  the  dykes  and  gneiss  is 
marked.  The  rocks  at  the  last  locality  lie  in  the  steep  south- 
west limb  of  an  anticline  of  later  date  than  the  basic  dykes,  and 
during  the  folding  they  have  been  sheared  and  partly  dragged 
into  parallelism.       The  central  parts  of  the  same  arch  contain 
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bands  of  hornblende-schist  which  are,  as  a  rule,  rather  coarser 
in  grain  than  those  on  the  Meall,  and  often  posses  a  linear 
instead  of  a  plane-parallel  foliation.  Between  the  hornblende- 
schist  bands  in  the  centre  of  the  fold  and  those  on  the  Meall 
many  others  occur.  Although  at  no  place  is  there  any  sudden 
change  in  character,  yet  in  the  centre  of  the  anticline,  where  it 
may  be  supposed  that  there  has  been  less  alteration  by  dragging 
and  shearing  than  in  the  south-west  limb,  nearly  every  horn- 
blende-schist shows  clear  indications  of  intrusion. 

Some  of  the  hornblende-schists  in  the  gneiss  area  between 
Folais  and  Slioch  (north-east  of  Loch  Maree)  show  their  original 
intrusive  character.  This  is  best  seen  about  half  a  mile  south- 
west and  half  a  mile  south  of  the  outlet  of  Loch  Garbhaig.  The 
dykes  are  distinctly  folded  and  lie  near  the  axial  plane  of  the 
great  syncline  of  Folais  and  Beinn  Airidh  a'  Char.  The  sides  of 
some  of  them  strike  steadily  north-east  for  several  hundred  yards 
and  are  inclined  at  gentle  angles. 

Over  a  large  part  of  the  ground  west  of  Fionn  Loch 
gently-inclined  bands  of  hornblende-schist  are  certainly 
intrusive  in  the  gneiss.  On  the  north  side  of  the 
anticline  in  that  area  the  Meall  na  Meine  basic  band,  which  is 
300  yards  wide  near  the  Ordnance  station,  chiefly  consists,  both 
here  and  to  the  west,  of  a  massive,  coarse  diorite  or  epidiorite 
with  little  foliation  except  along  its  southern  edge.  The  rock 
dips  north  with  the  gneiss,  and  is  grey  in  colour  with  white 
felspar.  Further  east  it  is  sheared  almost  throughout,  becomes 
a  much  narrower  band,  and  before  reaching  Fionn  Loch  dis- 
appears. The  mass  forming  Meall  Dhuireadh  Airde  appears  to 
dip  north-east  and  to  underlie  that  of  Meall  na  Meine,  yet  it  may 
be  the  same  rock  repeated  by  an  isoclinal  fold.  A  marked  line 
of  shear  intervenes  between  it  and  the  similar  mass  that  comes  on 
a  quarter  of  a  mile  south-east,  which  may  be  again  the  same 
band.  This  outcrop  has  an  irregular  outline,  but  in  the  main 
runs  in  a  southerly  direction,  dipping  at  a  comparatively  low 
angle  and  spreading  out  on  the  dip  slope.  It  distinctly  crosses 
the  strike  of  the  gneiss  foliation. 

A  broad  band  of  the  same  kind  of  rock,  with  a 
southerly  dip,  runs  east  towards  Fionn  Loch,  and  this 
is  probably  connected  with  the  mass  north-east  of  Kem- 
sary  (two  and  a  half  miles  south-east  of  Poolewe).  At 
Loch  nan  Carn  it  has  a  breadth  of  at  least  250  j-ards, 
and  it  dips  S.S.W.  at  30°  or  40°  nearly  coincident^  with 
the  adjacent  gneiss,  though  it  clearly  crosses  the  foliation  of  that 
rock.  South  of  Kernsary  a  coarse  massive  epidiorite,  partly 
foliated,  trends  in  a  X.N.E.  direction.  Its  west  boundan^  is 
fairly  regular,  but  from  its  east  side  project  two  spurs  which  may 
be  due  to  folds.  It  is  more  than  200  yards  wide  at  its  south  end, 
but  narrows  considerably  in  a  northerly  direction.  Its  relation 
to  the  ordinarv  dvkes  is  doubtful. 

After  their  intrusion  many  of  the  dykes  underwent  a  process  of 
shearing  by  which  intense  foliation  was  produced.     In  certain 
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cases  folding  took  place  later  than  the  prodnction  of  the  first 
foliation.  In  some  areas  the  dykes  have  been  thrown  into 
sharp  folds  with  axial  planes  striking  north-west,  almost  parallel 
to  the  original  direction  of  intrusion,  so  that  the  dykes  in  the 
limbs  of  ^Id  do  not  differ  much  in  direction  from  those  which 
have  not  been  plicated.  Near  the  centres  of  other  more  gentle 
folds,  the  divergence  from  the  original  directions  is  conspicuous, 
and,  for  diatanceB  of  a  quarter  of  a  mile  or  more,  dykes  strike 
north-east  and  dip  at  low  angles,  so  as  to  look  like  sheets  rather 
than  dykes. 

If  vertical  dykes  are  affected  by  folds  the  axes  of  which  are 
horizontal,  it  appears  that  the  sides  of  the  dykes  will  remain 
vertical,  though  different  points  in  the  margins  must  receive  an 
upward  or  downward  motion,  and  the  horizontal  distance 
between  points  which  are  not  in  the  same  vertical  line  must  be 
decreased.  Similar  movements  will  aSeet  the  whole  of  the 
interior  parts  of  the  dykes,  and  hence  a  foliation  may  be  produced 
throughout  the  rock.  In  other  cases,  a^,  for  instance,  near  the 
top  of  Meall  Airidh  Mhic  Criadh  and  nearly  a  third  of  a  mile 
north-west  of  Loch  Doire  na  Henie,  the  sides  of  a  dyke  are 
clearly  plicated,  and  the  foliation  in  the  dyke  is  parallel  to  the 
axial  planes  of  flexure  and  the  second  foliation  in  the  adjoining 
^eiss.  In  these  cases  the  pitch  or  inclination  of  the  axes  of  fold 
IS  steep. 

In  a  nearly  horizontal 
exposure,  about  250  yards 
south-east  of  the  outlet  of 
Loch     nam     Buainichean 
(two    and    three  -  quarter 
miles  E.S.E.  of  Gairloch), 
a  dyke  can  be  seen  to  have 
been  first  foliated  parallel 
to  the  side,  and  for  a  short 
distance  inwards  from  the 
margin,  and  then  subse- 
quently plicated  and  fur- 
ther foliated  in  a  direction 
Flo.  9  (A).— Ground  plan  of  foliattd  basic  parallel  to  the  axial  planes 
dyke»nd  acid  gneiss,  about200yftrds  south-    of     fold.        The      foliation 
eMtofsouthendofl^lummBuainiche^n     p]a„es  parallel  to  the  side 
The  mannnftl  portion  of  thv  dyko  is  foliuted    '^      ^  ,  ,    ,  ■,  ,  , 

p8r*Uel  to  the  side.  This  portion,  the  "■*  t<ii<ied,  and  crossed  by 
folUtion  in  it,  and  aonie  quartz  veina  are  strain  slips  parallel  to  the 
folded  and  (Mxaaionally  crossud  by  n  strain-  axial  planes  of  fold, 
slip  folUtion  i«rallel  to  thoaiial  planes  of  It  ig  noteworthy  that 
fold.  The  interior  of  the  dyke  in  fohatert  „„„„i„  „ii  :r  „„(  n.  u  i 
parallel  to  the  sa.ne  a=iial  pknes.  A  thin  "f  ['y  *  !  '^  "f  ^^«  ".^ole 
strip  of  gneiss  next  the  dyke  is  foliated  o'  th^  tojiated  dykes  winch 
parallel  to  the  dyke  Hide,  and  follows  the  occur  in  the  areas  S.E.  of 
same  folds.  The  prominent  foliation  in  Loch  Tollie,  between  Folais 
the  rest  of  the  dyke  is  parallel  to  the  axial    ^^^  gij^,^  ^^     ^^y^ 

planes  of  these  folds.     Near  the  South-east  -•      ,     _,.,   '  jjuu" 

side  of  the  oiposure  there  are  indications  J^n  otUammore,  near  the 
of  an  early  banding  in  the  gneiss.  Hron    a'  Ghoit    (one    milo 
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west  of  Talladale),  N.N.E.  of  Beinn  Bhreac  (six  miles  S.S.E. 
of  Shieldaig  on  Loch  Gairloch),  and  east  of  Loch  a'  Ghobhainn 
(two  miles  north-east  of  Beinn  Bhreac)  must  have  been  foliated 
throughout  before  they  were  plicated,  for  their  foliation  planes 
share  in  the  folding  of  the  dyke  outcrops. 

In  several  places  it  would  seem  that  the  more  gentle  folds 
which  plicate  the  outcrops  were  preceded  by  others  which  folded 
them  more  sharply.  Thus,  on  the  east  side  of  Loch  Garbhaig, 
south-west  of  Talladale,  the  great  fold  which  folds  the  outcrops 
has  an  axial  plane  that  strikes  slightly  west  of  north,  and  its  axis 
is  almost  vertical.  In  two  or  three  places  on  the  east  limb  the 
dyke  rocks  are  arranged  in  such  a  way  as  to  suggest  that  they 
have  also  been  sharply  folded  along  axial  planes  which  now 
strike  N.N.E. 

In  the  more  sheared  areas  it  is  occasionally  difficult  to  decide 
whether  the  irregularity  of  form  of  some  intrusions  is  due  to 
folding  or  not.  About  a  third  of  a  mile  north-east  from  the 
south  end  of  Lochan  Sgeireach,  in  an  area  in  which  the  dykes  are 
almost  free  from  foliation,  two  dykes  unite,  and  in  the  space 
between  them  a  third  aj)pears  which  gradually  dies  out  as  it 
approaches  the  place  of  union  of  the  other  two.  Similar  arrange- 
nients  are  also  seen  about  700  yards  east  and  half  a  mile  north  of 
Loch  nam  Buainichean,  and  in  other  places.  In  the  dykes  cited 
from  Loch  nam  Buainichean  the  appearances  are  no  doubt  due 
to  folding. 

The  homblende-crj^stals  always  lie  parallel  to  the  foliation 
planes  of  the  foliated  dykes,  and  they  have  usually  a 
general  direction — the  direction  of  stretching — on  these 
planes.  Some  of  these  directions  are  shown  by  signs 
on  the  published  one-inch  map  (91)  which  only  indicate  their 
horizontal  projections.  To  find  the  actual  trend  in  space  note 
has  to  be  taken  also  of  the  dip  of  the  planes  on  which  the  indica- 
tions are  seen,  which  may  be  assumed  to  be  the  same  as  that 
shown  by  the  nearest  of  the  dip  signs  on  the  map. 

In  the  south-west  limb  of  the  Loch  Tollie  anticline  the  varia- 
tions in  direction  of  the  stretching  lines  are  considerable.  When 
the  lines  appear  diagonal,  their  u])per  ends  are  sometime.s  on  the 
south-west  and  sometimes  on  the  north-east  side,  but  in  various 
places,  for  instance,  about  700  yards  E.S.E.,  and  half  a  mile 
south-east,  of  the  head  of  Loch  Tollie,  and  rather  more  than  half 
a  mile  north-east  of  Meall  an  Spardain,  the  lines  are  nearly 
horizontal  and  parallel  to  the  strike.  In  the  north-east  limb  of 
the  anticline  the  lines  generally  appear  diagonal,  and  with  their 
upper  ends  on  the  north-west  side.  Near  Meall  Lochan  a' 
Chleirich  (one  mile  west  of  Slattadale.  Loch  Maree)  the  stretch- 
ing lines  are  more  nearly  with  the  direction  of  the  foliation  dip 
than  with  the  strike,  and  their  upper  eiuls  are  on  the  south-east 
side.  They  are  in  some  jdaces  affected  by  minute  folds,  the  axes 
of  which  cross  them  nearly  at  right  aunties. 

In  the  foliated  dykes  three-quarters  of  a  mile  N.X.W.,  and  a 
mile    and    a    third    north-west,    of    Carnmore    Old    ITouse    the 
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stretching  lines  are  diagonal  to  the  direction  of  dip  of  the  planes 
on  which  they  occur,  and  their  upper  ends  are  on  the  soutn-east 
side,  but  the  amount  of  variation  from  tiie  direction  of  dip 
varies  in  difiEerent  places.  In  the  dykes  two-thirds  of  a  mile 
north-east  of  Strathanmore,  and  about  1000  yards  south-east  of 
the  foot  of  the  Dubh  Loch  of  Carnmore,  the  stretching  lines 
appear  diagonal  and  their  upper  ends  are  on  the  north-west  side. 

In  the  most  finely  foliated  dykes  the  hornblende  crystals  are 
thin  and  needle-like,  but  in  others  they  present  stout  or  stumpy 
forms.  In  specimen  4434,  obtained  1100  yards  north  of  Meall 
an  Spardain  (two  and  a  half  miles  south  of  Poolewe) ,  from  a  dyke 
which  is  now  composed  of  a  rodded  or  linearly  foliated  horn- 
blende-schist, the  hornblende  is  compact  and  indistinguishable 
under  the  microscope  from  that  which  occurs  in  the  typical 
granular  hornblende-gneisses. 

Flakes  of  biotite  are  common  on  the  foliation  planes  of  the 
best-foliated  dykes  near  Meall  Airidh  Mhic  Criadh,  south-west 
of  Loch  ToUie,  Poolewe,  in  the  area  between  Folais  and  Slioch, 
and  near  Strathanmore  (I'ionn  Loch).  Near  Carnmore 
several  thin  bands  of  hornblende-schist  are  much  more  micaceous 
than  others  near  them.  One  of  these,  about  three  feet  thick, 
makes  a  conspicuous  recess  in  the  crags  rather  more  than  a 
quarter  of  a  nule  north-east  of  the  Old  House.  Other  thin  bands 
of  a  similar  kind  occur  on  the  north-east  side  of  the  N.N.E.  fault 
rather  more  than  two-thirds  of  a  mile  north-west  of  the  Old 
House,  about  1500  yards  slightly  west  of  south  of  the  outlet  of 
Lochan  na  Bearta  (three  miles  east  of  Fionn  Loch),  and  300 
yards  W.N.W.  of  Meall  Lochan  a'  Chleirich  (one  mile  west  of 
Slattadale,  Loch  Maree). 

Some  of  the  foliated  dykes  which  contain  conspicuous  flakes  of 
biotite,  or  chlorite,  may  have  originally  differed  slightly  in  com- 
position from  the  others.  But  the  unusual  abundance  of  these 
Hakes  may  possibly  be  due  to  the  greater  intensity  of  the  shearing 
which  the  dykes  have  undergone.  Satisfactory  evidence  has 
been  obtained  in  several  nlaces  that  after  dykes  had  been  con- 
verted, wholly  or  partially,  into  hornblende-schist,  renewed 
movements  took  place  which  transformed  the  dyke-rock,  whether 
it  was  previously  foliated  or  not,  into  a  shiveiy  micaceous  or 
chloritic  schist.  An  example  of  this  change  has  been  found  near 
the  top  of  Sithean  Mor,  south  of  the  village  of  Gairloch,  where 
a  massive  epidiorite  has  become  a  shivery  micaceous  hornblende- 
schist  with  foliation-planes  [)arallel  to  a  line  of  thrust. 

Again,  about  half  a  mile  north  of  Meall  an  Spardain,  a  coarse 
almost  vertical  N.N.E.  pegmatite,  a  foot  or  two  thick,  which 
crosses  a  broad  hornblende-schist,  is  sheared  parallel  to  its  own 
sides,  and  the  hornblende-schist  near  it  is  also  in  some  places 
converted,  for  a  thickness  of  a  few  inches,  into  a  fissile  chloritic 
schist,  the  foliation  planes  of  which  are  often  crumpled,  though 
their  general  direction  is  parallel  to  that  of  the  pegmatite. 

About  700  yards  E.S.E.  of  the  head  of  the  Dubh  Loch  of  Carn- 
more a  quartz  vein,  from  12  to  20  feet  thick,  appears  within  a 
0 
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thick  hornblende-schist  which  represents  a  foliated  and  folded 
dyke.  The  schist  dips  north-east  at  gentle  angles.  The  vein 
lies  nearer  the  base  of  the  schist  than  the  top,  and  is  almost 
parallel  to  the  base.  Above  it  comes  homblende-schist  of  the 
common  type,  but  the  schist  below  is  biotite-actinolite-schist,  the 
foliation  pknes  of  which  dip  steeply  south.  The  quartz-vein 
probably  marks  a  line  of  movement,  the  foliation-planes  of  the 
schists  at  either  side  of  it  striking  against  one  another.  The 
vein  contains  scattered  hornblende  crystals,  streaks  of  biotite- 
actinolite-schist,  and  irregular  patches,  as  much  as  a  foot 
thick,  of  a  coarsely  crystallised  carbonate  which  contains  some 

diopside. 

Some  of  the  foliated  dykes  contain  grains  of  magnetite  of  the 
size  of  small  peas,  as  may  be  seen  in  the  crag  about  a  mile  slightly 
north  of  west  of  Loch  Garbhaig,  north  of  Slioch.  These  grains  are 
generally  elongated  in  one  direction,  and  are  often  bounded  in 
part  by  grains  of  quartz.  In  a  hornblende-schist,  on  the  west 
side  of  the  bum  rather  more  than  two-thirds  of  a  mile  north-east 
of  Fumes,  magnetite  specks  are  so  abundant  that  hand-specimens 
affect  the  compass. 

Garnets,  sometimes  as  large  as  peas,  have  been  abundantly 
developed  in  some  of  the  foliated  dykes.  They  never  show  good 
idiomorphic  outlines,  and  most  of  them  are  edged  with  a  thin  rim 
of  small  granules  of  felspar.  They  are  also  often  accompanied 
by  small  white  spots,  which  seem  entirely  composed  of  such 
granules.  Both  the  garnets  and  the  white  spots  are  particularly 
common  in  the  dykes  which  lie  between  lines  connecting  Loch 
Shieldaig,  south  of  Gairloch,  and  Biisbheinn,  on  the  north-east 
side,  and  Port  Henderson  and  Beinn  Bhreae,  on  the  south-west. 

The  garnetiferous  hornblende-schists  are  often  divided  into 
parallel  layers,  some  of  which  are  much  riclier  in  ganiets  and 
white  spots  tUan  others.  These  sometimes  agree  in  direction 
with  the  side  of  the  dyke  and  the  planes  of  foliation,  and  some- 
times are  oblique  to  the  margins.  About  le''^00  yards  S.S.W.  of 
the  inlet  into  Loch  Gaineamliach  (three  and  a  half  miles  8.S.E. 
of  Shieldaig  on  Loch  Gairloch)  a  folded  dyke  contains  much 
crum})led  bands  in  which  white-edged  garnets  are  specially 
abundant.  This  crumpling  no  doubt  took  place  during  the 
plication  of  the  dyke.  The  bands  are  crossed  by  a  foliation  that 
strikes  nortli-west  parallel  to  the  axial  ])lanes  of  fold.  About 
700  yards  S.S.W.  of  Mullach  nan  Cadhaichean  (two  and  a  quarter 
miles  S.S.K.  of  Shieldaig  on  Loch  Gairloch)  the  white  spots  and 
garnets  have  in  certain  places  been  deformed  and  affected  by  a 
foliation,  but  in  most  of  the  hornblende-schists  such  is  not  the 
case.  It  is  probable,  therefore,  that  the  shearing  and 
foliation  which  sometimes  affect  the  garnets  are  later 
than  the  foliation  found  in  most  of  the  dvkes.  A  broad 
dyke  about  700  yards  E.S.E.  of  the  outlet 'of  Loch  Braigh 
Horrisdale,  which  is  closely  foliated  at  the  sides,  but  almost  free 
from  foliation  in  the  central  half,  displays  abundant  white-edged 
garnets  and  white  spots  in  the  foliated  parts,  but  none  could  be 
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found  in  the  middle  portion.  The  formation  of  the  garnets 
probably  accompanied  the  development  of  the  foliation.  No 
garnets  with  white  rims  have  been  noticed  in  any  dyke  which  is 

Juite  free  from  foliation.       There  are  garnets  in  an  unfoliated 
yke  in  the  headland  a  mile  W.N.W.  of  Ardlair  (north-west  end 
01  Loch  Maree),  but  these  have  no  white  rim. 

The  best  examples-of  "rodded''  or  linearly  foliated  dykes  occur 
between  Tollie  Bay  and  Ob  a'  Choir-uidhe  (a  bay  at  the  west  end 
of  Loch  Maree),  and  on  the  north-west  side  of  Doire :  especially 
clear  are  those  which  successively  appear  a  third  of  a  mile  east, 
rather  more  than  a  quarter  of  a  mile  south-east,  and  three-quarters 
of  a  mile  slightly  east  of  south  from  the  summit  of  Creag  Mhor 
Thollie.  In  the  exposures  of  these  dykes,  which  happen  to  cross 
the  direction  of  redding  almost  at  right  angles,  no  plane- foliation 
is  observable,  the  ends  of  rod-like  parts  being  only  exposed.  It 
is  not  known  that  the  dykes  in  the  area  between  Tollie  Bay  and 
Ob  a'  Choir-uidhe  have  been  folded,  but  those  near  Doire  have 
certainly  been. 

Some  of  the  sheared  dykes  N.N.W.  from  the  outlet  of  Loch 
Braigh  Horrisdale  include  veins  with  greenish- grey  crystals  of 
one  of  the  minerals  of  the  epidote-zoisite  group.  At  a  place  half 
a  mile  N.N.W.  of  the  loch  the  veins  are  half  an  inch  thick,  and 
cross  the  dyke  almost  at  right  angles. 


ULTRA-BASIC   DYKE. 

Only  one  ultra-basic  dyke,  composed  of  hornblendite,  has  been 
noticed  in  this  district.  It  is  seen  rather  more  than  a  mile  and 
a  quarter  W.N.W.  of  Ardlair.  In  the  published  one-inch  map 
(91)  it  has  been  coloured  like  the  basic  dykes.  It  nins  north- 
west parallel  to  broad  dykes  of  epidiorite,  is  a  few  yards  thick, 
and  has  only  been  traced  about  100  yards.  It  is  not  foliated, 
and  its  intrusive  character  is  quite  clear. 


SYENITE    DYKE. 

About  a  third  of  a  mile  south-east  of  Carnmore  Old  House  a 
thin  dyke  may  be  seen,  from  five  to  eight  feet  thick,  extremely 
coarse  in  texture,  and  chiefly  composed  of  hornblende  and 
naicrocline.  Some  parts  of  it  are  massive,  others,  par- 
ticularly near  the  south-east  side,  are  foliated  parallel 
ii  the  naargin.  The  dyke  can  be  traced  160  yards  in  a 
N.N. E.  direction  with  occasional  twists.  It  shows  a  rather  low 
inclination  towards  S.E.  The  hornblende  crystals  in  this 
dyke  are  sometimes  three-quai^rs  of  an  inch  long,  appear  dark- 
green  macroscopically,  and  contain  inclusions  consisting  of 
granular  aggregates  "^ of  reddish  microcline.  The  felspar  is 
generally  subordinate  to  the  hornblende  in  amount.  The  dyke 
contains  some  thin  veins  of  still  coarser  grain  than  the  £(enernl 
ma.ss. 
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PEGMATITES. 


Pegmatites  of  later  age  than  the  basic  dykes  are  abundant  in 
two  areas  in  the  Loch  Maree  district,  one  near  Loch  ToUic  and 
the  other  near  Carnmore.  The  former  stretches  from  Naast,  on 
the  south-west  shore  of  Loch  Ewe,  to  Loch  Doire  na  Herrie, 
four  miles  S.S.E.  of  Poolewe,  and  the  latter  from  the  sides  of 
the  Dubh  Loch  for  about  three-quarters  of  a  mile.  They  appear 
in  the  gneiss  of  the  Fundamental  Complex,  in  the  dykes  and  in 
the  altered  sediments.  As  they  are  harder  than  most  of  the 
rocks  in  which  they  occur,  they  form  prominent  exposures  or 
crags  in  the  partly  drift-covered  areas.  Most  of  them  are  irregular 
in  direction  and  small  projections  and  branches  appear  at  their 
margins.  In  both  the  Loch  Tollie  and  Carnmore  areas  the  most 
general  trend  is  perhaps  towards  north-west,  irrespective  of  the 
foliation  of  the  rocks  which  they  traverse.  In  the  crags  1500 
yards  south  of  Carnmore,  where  the  strike  of  the  gneiss  varies 
between  east  and  north-east,  the  transgression  of  the  pegmatites 
across  the  foliation  is  remarkably  clear. 

The  common  constituents  of  these  pegmatites  are  plagioclase, 
orthoclase,  and  microcline  felspar,  biotite,  muscovite,  and 
quartz,  but  the  proportions  of  these  minerals  vary  considerably 
in  different  exposures.  For  example,  biotite  is  sometimes 
largely  developed,  as  in  a  pegmatite  a  third  of  a  mile  south-west 
of  the  summit  of  Creag  Mhor  ThoUie,  where  the  flakes  are  several 
inches  long,  and  in  another  instance,  three-quarters  of  a  mile 
S.S.W.  of  Tollie  Fann,  similar  scales  exceed  four  inches.  In 
other  places  this  mineral  is  scarce  or  absent  altogether.  The 
white  mica  (muscovite)  sometimes  reaches  larger  dimensions. 
In  the  crags  noi*th-east  of  Carnmore  it  often  occurs 
in  idiomorphic  crystals  from  one  to  three  inches  long  and  from 
a  quarter  to  one  inch  thick  in  a  direction  across  the  basal 
cleavage.  In  the  tumbled  blocks  from  a  white  pegmatite  a 
mile  and  200  yards  west  of  south  of  Carnmore,  some  of  the 
crystals  are  ten  inches  long  and  three  or  four  broad.  The  larger 
crystals  are  often  cleaved  transversely  to  the  basal  plane.  The 
folia  are  generally  somewhat  bent  and  occasionally  sharjily 
twisted. 

Most  of  the  pegmatites  in  the  Carnmore  and  Coppachy  areas 
(north-east  of  Loch  Maree)  contain  more  white  felspar  than  red. 
In  the  tract  north-east  of  Carnmore  the  white  felspar  is  some- 
times enclosed  within  the  red.  Intergrowths  of  two  felspars  are 
common  in  these  rocks  as,  for  example,  north-east  and  a  mile 
and  200  yards  west  of  south  of  Carnmore.  A  specimen  tumbled 
from  a  vein  at  the  last-mentioned  locality  consists  of  large 
crystals  of  orthoclase,  intergrown  with  plagioclase.  Another, 
from  a  pegmatite  more  than  a  third  of  a  mile  north-east  of  Carn- 
more Old  House,  consists  of  a  large  individual  of  microcline 
containing  muscovite  and  quartz.  Graphic  intergrowths  of 
quartz  and  felspar  appear  in  pegmatites  in  the  crags  1500  j'ards 
south  and  north  and  north-east  of  Carnmore  and  on  the  north- 
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east  side  of  Lochan  Fada.  In  a  vein,  about  three  inches  wide, 
in  the  crag  about  1500  yards  south  of  Cammore  the  outer  parts 
are  composed  solely  of  quartz,  while  the  inner  consist  of  quartz 
and  felspar. 

Both  m  the  Loch  Tollie  and  Cammore  areas  the  rocks  in  which 
the  pegmatites  are  found  are  near  the  centres  of  anticlines,  and 
may  have  been  covered  by  considerable  thicknesses  of  material  at 
the  time  of  the  introduction  of  these  acid  veins.  Many 
p^^atites  cross  dykes  of  hornblende-schist,  though  themselves 
free  from  foliation,  or  only  partly  sheared,  along  lines  formed 
since  the  foliation  of  these  intrusions. 

No  thick  massive  pegmatite  which  shows  clear  evidence  of 
folding  has  been  detected,  but  the  movements  which  plicated  the 
various  mylonised  rocks  between  Folais  and  Slioch  probably  took 
place  after  the  introduction  of  the  pegmatites,  as  mylonised 
pegmatites  adjoin  the  folded  bands.  Zones  of  mylonised 
pegmatite  are  common,  but,  excepting  in  the  tract  just  men- 
tioned, are  rarely  more  than  a  foot  or  two  thick.  The 
pegmatites  near  Coppachy  have  more  often  been  mylonised 
than  the  adjacent  rocks,  and  the  mylonised  examples 
contain  numerous  eye-shaped  pieces  of  pink  or  white 
felspar,  some  of  tfiem  as  large  as  a  hen's  egg,  in 
which  one  cleavage  plane  crosses  the  entire  breadth.  Felspar 
crystals  of  such  a  size  are  rare  in  any  of  the  Archaean  rocks, 
except  in  the  pegmatites.  Most  of  the  pieces  have  rounded  out- 
lines and  look  like  corroded  phenocrysts  embedded  in  a  fine- 
grained streaky  pale-grey  or  greenish-grey  felsitic  matrix.  The 
subparallel  streaks  of  which  the  matrix  is  composed  vary  in 
translucency,  and  are  often  so  thin  that  thirty  can  be  counted 
in  a  thickness  of  half  an  inch.  They  wind  round  the  sides  of 
the  felspar  **  augen,"  and  are  sometimes  also  sharply  folded. 
On  the  surfaces  of  the  streaks  small  flakes  of  a  nearly  colourless 
mica  may  usually  be  observed.  Many  of  those  flakes  are  from  1-10 
to  1-20  inch  in  length,  and  considerably  twisted.  They  occur 
sporadically,  and  perhaps  they  have  been  derived  from  larger 
flakes  which  existed  in  the  pegmatites  before  they  were 
mylonised.  In  the  thin  slice  of  a  specimen  (4775),  from  a 
mylonised  pegmatite  half  a  mile  nortn-east  of  Coppachy,  the 
microscope  discloses  many  minute  scales  of  white  mica  which 
have  probably  been  formed  during  the  shearing.  In  the  same 
slice  some  of  the  felspar  **  augen  '*  show  twin  lamellae  which  have 
been  bent  and  twisted. 

The  greenish  fine-grained  rock,  about  50  yards  north-east  of 
the  mica-schist  zone  on  the  south-east  side  of  Smiorasair  (near 
the  head  of  Loch  Maree),  probably  a  mylonised  pegmatite,  is 
hard,  very  fresh,  weathering  only  in  a  narrow  dirty  white  film, 
and  shaiply  jointed.  Its  fracture  is  conchoidal.  Microscopic 
examination  shows  (4277)  the  matrix  to  be  crypto-crystalline  and 
the  grains  in  it  to  be  composed  of  felspar  and  epidote.  The 
felspars  sometimes  show  plagioclase   striation  and  give  definite 
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extinction.     An  analysis  of  the  rock  by  Mr.  Barrow  gave  tlie 
following  result :  — 

Silica               -  -  72-9 

Alumina         -  -  13-85 

Ferric  oxide    -  -           1*85 

Lime                -  -           1*17 

Magnesia        -  -             '72 

Potash             -  -           5-21 

Soda  -            -  -           2-49 

Loss  on  ignition  -           1*5 


99-69 


The  broad  pegmatite  200  yards  south-west  of  Meall  an  Doirein 
(three  and  a  quarter  miles  south  of  Poolewe)  is  sheared  along;  a 
zone,  several  feet  wide,  which  is  nearly  vertical  and  striles 
parallel  to  the  adjoining  gneiss.  The  unsheared  parts  of  the 
pegmatite  consist  of  large  crystals  of  red  felspar  and 
quartz,  with  little  or  no  mica.  In  the  sheared  zone 
most  of  the  felspar  is  granulitised,  almost  white 
in  colour,  and  arranged  in  thin  streaks  parallel  to 
the  sides  of  the  zone,  but  there  are  also  eye-shaped  pieces  of 
felspar,  an  inch  or  two  wide,  which  still  retain  the  original  red 
colour  and  the  old  cleavage  planes.  The  quartz  has  also  become 
finely  granulitic,  and  has  been  pulled  into  streaks  parallel  with 
those  of  the  felspar. 

Subsequently  to  the  first  shearing  of  the  pegmatites  move- 
ments of  later  but  still  pre-Torridon  age  have  in  some  places 
produced  compact  flinty  rocks,  such  as  appear  about  350  yards 
east  of  Meall  an  Doirein. 

ROCKS   PRESUMABLY   OF  SEDIMENTARY   ORIGIN   ASSOCIATED    WITH   THE 

LEWISIAN    GNEISS. 

General  delations  and  Distribution. — It  was  the  general 
belief  of  the  old  observers  that  the  Lewisian  Gneiss,  like  the 

?rimitive  gneiss  everywhere,  is  as  a  whole  of  sedimentary  origin, 
n  later  years,  when  the  igneous  cliaractor  of  many  of  these  rocks 
had  been  recognised,  Dr.  Hicks*  maintained  that  some  of  the 
schists  near  Gairloch  and  Loch  Maree  were  metamorphosed 
sediments.  In  the  detailed  mapping  of  the  region  the 
Geological  Survey  has  endeavoured  to  separate  certain  bands 
which  would  by  general  consent  be  classed  as  probably  altered 
sediments,  but  it  is  possible  that  future  investigation  may 
indicate  that  other  zones  not  here  included  may  also  be  of  sedi- 
mentary origin.  A  satisfactory  separation  of  those  schists 
and  gneisses  which  have  the  most  sedimentary  aspect  from  the 
other  foliated  rocks  which  seem  to  be  of  igneous  origin — the 
ortho-gneisses  —  seems    at    present    impossible.      Many    of    the 

*** On  the  Pre-Cambrian  Rocks  of  West  and  Central  Ross-sliire."  Oeol. 
Ji(V/.,  1880,  p.  104. 
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supposed  sediments  have  ill-defined  margins,  and  both  they  and 
the  adjoining  gneisses  have  been  much  sheared  and  crushed.  It 
is  noteworthy  that  one  of  the  commonest  of  what  are  taken  to 
be  sediments  is  a  flaggy  brown  mica-schist,  resembling  granulitic 
bands  which  in  Sutherland  have  in  many  places  been  formed 
along  pre-Torridon  shear-lines  from  more  massive  gneisses. 

There  is  no  proof  of  the  intrusion  of  the  gneissose  rocks  of  the 
Fundamental  Complex  into  the  supposed  sediments,  nor  yet  of 
the  unconformability  of  the  latter  on  the  former.  In  certain 
places  bands  of  marble  and  of  kyanite-gneiss  lie  within  gneisses  of 
common  type  in  the  complex,  and  pass  gradually  into  them.  It 
is  suggested  that  these  gneisses  may  be  in  part  of  sedimentary 
origin,  and  may  belong  to  a  formation  of  the  same  age  as  the 
limestone.  The  bands  of  kyanite-gneiss  and  one  of  the  marbles 
lie  at  some  distance  from  the  most-sheared  areas,  and  in  districts 
where  the  intrusive  characters  of  many  of  the  basic  dykes  remain 
distinct. 

The  evidences  of  shearing  and  ci'ushing,  in  and  near  to  most 
of  the  sedimentary  zones,  are  generally  greater  than  in  the 
adjacent  rocks.  Great  intrusions  of  igneous  material,  most  of 
them  now  in  the  form  of  hornblende-schist,  appear  also  to  have 
been  injected  along  the  margins.  Most  of  the  rocks  which  have 
been  mapped  as  altered  sediments  present  smooth  features  in  the 
landscape  and  show  comparatively  few  rock-exposures.  They 
contrast  strongly  with  the  bare  hummocky  areas  of  gneiss  at 
their  sides,  and  with  the  crags  of  hornblende-schist  associated 
with  them.* 

In  Gairloch  the  chief  belt  of  these  altered  sediments  extends 
for  seven  or  eight  miles  in  a  south-east  and  north-west  direction, 
from  a  mile  and  a  quarter  south-east  of  Loch  Bad  an  Sgalaig  to 
the  coast  east  of  An  Dun  and  the  road  between  Strath  and 
Poolewe,  and  there  are  traces  of  it  about  two  miles  further  north- 
west. Its  width  is  about  a  mile  and  a  quarter,  half  of  which  is 
occupied  by  bands  of  hornblende-schist  or  hornblende 
chlorite-schist.  Consisting  for  the  most  part  of  a  fine-grained 
brown  mica-schist,  it  contains  also  various  bands  of  limestone, 
graphite- schist,  and  quartz-schist  or  quartz-magnetite-schist. 

TTiere  are  other  detached  smaller  bands,  one  of  which  strikes 
south-east  from  Loch  Kerry  (at  head  of  Loch  Gairloch),  reaches 
the  river  Kerry  about  half  a  mile  S.S.E.  of  Kerrysdale,  and  can 
be  traced  thence  nearly  to  the  foot  of  the  Dubli  Loch.  The 
distance  between  it  and  the  Bad  an  Sgalaig  belt  diminishes  in  a 
south-east  direction,  and  on  the  south-east  side  of  the  fault  near 
the  Dubh  Loch  it  is  pos^sible  that  the  two  are  united.  (See  Sheet 
91.)  Another  band  composed  of  brown  mica-schist  occurs  about 
170  yards  south  of  the  Free  Church  Manse  at  Gairloch.  On  the 
south-east  side  of  Shieldaig  a  band  of  micaceous  or  chloritic 
schist,  120  yards  broad  at  its  greatest  width,  often  calcareous 

*Near  Scourie  and  Loch  Inver,  however,  equally  smooth  features 
characterise  some  of  the  pre-Torridonian  sheared  rocks  which  have  been 
formed  from  massive  gneiss. 
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and  with  outcrops  of  marble,  emerges  from  beneath  the  Torridon 
rocks.  The  marble  bands  north  and  south-east  of  Lochan  Druim 
na  Feama  are  probably  continuations  of  those  near  Shieldsdg. 
Near  these  bands  thin  outcrops  of  granular  quartz-rock  can  be 
seen.  Again,  bands  of  marble  make  their  appearance  near  the 
north-west  side  of  Am  Feur  Loch,  nearly  a  mile  and  a  half 
E.S.E.  of  the  outlet  of  Loch  Bad  an  Sgalaig,  on  either  side  of  the 
bay  near  Gairloch  Bridge,  160  yards  above  the  foot  of  the  Kerry, 
and  at  a  few  others  places. 

Along  the  north-east  side  of  the  Loch  Bad  an  Sgalaig  belt  a 
series  of  nearly  vertical  pre-Torridonian  flinty  crush-rocks  is 
exposed,  separated  in  places  by  thin  strips  of  gneiss  from  the 
altered  sediments,  or  the  adjacent  broad  band  of  hornblende-schist. 
Possibly  other  thrusts  may  have  preceded  the  flinty  crushes,  and 
may  exist  where  the  latter  are  not  seen.  The  thin  bands  of 
hornblende-schist  in  the  gneiss  on  the  north-east  side  of  the  broad 
band  seem  to  have  been  folded  along  axial  planes  that  make  a 
slight  angle  with  the  outcrop  of  the  thick  hornblende-schist.  It 
seems  as  if  the  latter  were  bounded  on  its  north-east  side  by  a 
great  line  of  discordance. 

Some  difficulties  present  themselves  if  we  suppose  the  altered 
sediments  of  the  Bad  an  Sgalaig  belt  to  lie  in  a  complex  syncline 
with  gneiss  on  either  side.  No  thick  hornblende-schist  appears 
at.  the  south-west  margin  like  that  at  the  north-east,  while  all 
the  bands  of  graphite-schist  lie  nearer  to  the  south-western  than 
to  the  north-eastern  boundary.  Near  Bad  an  Sgalaig  four  out- 
crops of  hornblende-schist  appear  in  the  south-western  half  of  the 
band,  but  only  one  in  the  north-eastern  (Sheet  91).  These 
difficulties  can,  however,  perhaps  be  explained  by  supposing,  (1) 
that  the  hornblende-schist  does  not  keep  strictly  to  the  bedding 
planes,  (2)  that  some  beds  have  been  cut  out  in  certain  places  by 
crush  lines  running  parallel  with  the  strike,  (3)  that  thrusts  have 
affected  the  great  north-east  limb  of  the  supposed  syncline,  and 
(4)  that  the  number  and  depth  of  the  minor  folds  in  the  syncline 
vary  in  different  parts. 

A  gneiss  with  felspar  augen — a  common  type  in  the  early 
complex — prevails  on  the  south-western  side  of  the  Bad  an 
Sgalaig  belt  of  sediments.  In  several  places  near  the  same 
margin  a  fine  flaggy  augen-schist,  which  lies  close  to,  and  some- 
times is  mixed  with,  the  mica-schists,  might  conceivably 
represent  sheared  pebbly  sediments,  but  is  more  probably  a 
sheared  form  of  massive  augen-gneiss  like  that  a  little  further 
south-west. 

That  the  Loch  Kerry  band  of  sediments  is  perhaps  bounded  by 
thrust  lines  on  both  sides  is  suggested  by  the  following  considera- 
tions. Some  hornblende-schists  in  the  gneiss  on  the  north- 
eastern margin  do  not  seem  to  be  affected  by  a  large  fold  which 
plicates  part  of  the  sediments.  The  evidence  for  a  line  of  dis- 
cordance on  the  south-west  side  is  stronger.  On  the  hill  a  mile 
S.S.E.  of  Kerrysdale  a  thick  band  of  hornblende- schist,  with 
nearly   vertical   pitch,   is   folded   along   an   axial   plane   striking 
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north-west  and  south-east,  the  nose  of  the  fold  pointing  north- 
west. The  rocks  on  the  north-east  side  of  the  hornblende- schist, 
and  some  thin  partings  in  this  schist,  are  the  presumably  sedi- 
mentary mica-schists  and  graphite-schist,  which  ou^ht  to  appear 
on  the  south-west  limb  of  the  fold.  13ut  those  m  the  latter 
position  form  a  valley,  are  extremely  sheared,  and  differ  from 
the  mica-schists  on  the  other  side  in  containing  many  small 
augen  of  felspar,  and  alternations  of  siliceous  and  dark  hom- 
blendic  bands  which  perhaps  represent  sheared  forms  of  gneiss. 

In  Plate  XXX.,  Section  A,  an  attempt  is  made  to  represent 
what  appears  to  be  the  probable  relations  of  the  chief  groups  of 
rock  in  the  Gairloch  area  as  they  occur  alon^  a  line  oi  traverse 
from  near  Shieldaig  in  a  north-easterly  direction  to  near  the  foot 
of  Loch  Maree. 

The  altered  sediments  on  the  north-east  side  of  Loch  Mai'ee 
closely  resemble  those  of  Gairloch,  with  which  they  were  pro- 
bably once  continuous.  Like  them,  they  are  associated  with 
broad  outcrops  of  hornblende-schist,  and  consist  for  the  most  part 
of  mica-schist,  graphite-schist,  and  limestone,  with  bands  which 
may  represent  altered  quartzite  and  chert.  The  broadest 
development  of  these  rocks  stretches  from  Letterewe  to  Fasagh, 
and  may  be  called  the  Fumes  belt.  Its  length  from  north-west 
to  soutn-east  is  about  five  miles,  and  its  greatest  breadth, 
including  various  outcrops  of  hornblende-schist,  nearly  three- 
quarters  of  a  mile.  Another,  which  may  be  called  the  Gleann 
Tulacha  belt,  can  1)e  traced  from  Lochan  Fada  along  Gleann 
Tulacha  to  near  Strathanmore,  and  thence  round  the  north  and 
west  sides  of  Beinn  Airidh  a*  Char  till  it  approaches  the  side  of 
Loch  Maree,  rather  more  than  half  a  mile  north-west  of  Ardlair. 
In  some  parts  of  Gleann  Tulacha  it  may  perhaps  be  a  quarter  of 
a  mile  wide,  but  to  a  large  extent  it  is  covered  with  drift. 

Between  the  Fumes  and  Gleann  Tulacha  belts  several  minor 
bands  can  be  followed  north-west  from  the  west  part  of  Loch 
Garbhaig.  One  is  visible  on  the  south-east  side  of  Beinn  Airidh 
a'  Char,  and  a  second  in  a  north  and  south  burn  from  two- 
thirds  of  a  mile  noi-th  to  150  yards  west  of  Folais.  Both  of 
these  bands  are  affected  by  a  common  system  of  folds  along 
axial  planes  striking  north-west  and  south-east.  For  con- 
venience of  description  these  may  be  referred  to  as  the  Beinn 
Airidh  a'  Char  and  Folais  bands.  The  latter  contains  the 
Letterewe  limestone,  formerly  quarried  near  Folais,  and  trace- 
able for  several  miles.  A  large  fault  inins  from  the  foot  of  Loch 
Garbhaig  to  the  side  of  Loch  Maree  a  mile  north-east  of 
Regoilachy,  on  either  side  of  which  the  arrangement  of  the  rocks 
ii  different.  On  the  north-west  side  the  Folais  and  Fumes  bands 
are  separated  by  a  broad  outcrop  of  hornblende-schist,  and  no 
similar  outcrop  appears  on  the  north-east  side  of  the  Letterewe 
limestone.  On  the  south-east  side  of  the  fault,  broad  bands  of 
hornblende-schist  appear  on  both  sides  of  the  Folais  band,  and  a 
zone  of  mica-6chist  which  occurs  near  the  limestone  can  be  traced 
south-east  until  it  coalesces  with  the  Fumes  mica-schist. 


218  Ths  Lewisian  Onms. 

Another  thin  band  crops  out  in  the  bum  a  little  east  of  Meall 
Each,  south-east  of  Sliocuk,  which  probably  roprosents  one  of  ihe 
belts  near  Loch  Garbhadgi  but  it  is  separated  from  ihem  by  a 
coyer  of  Torridon  Sandstone. 

A  key  to  part  of  the  structuro  of  the  south-western  portion  of 
the  Fumes  oand  is  fnyen,  at  Begoilachy  bum.  All  the  way 
between  Fasaffh  and  uiat  stroam,  in  epite  of  frequent  contortions, 
the  homUende-schistB  and  the  altered  sediments  seem  in  most 
places  to  be  vertical.  But,  at  the  ffreat  cra^  overlooking  the 
south  side  of  tiie  bum,  the  homblenae-schist  is  seen  to  lie  in  a 
sharp  synclinal  fold,  and  the  micarschists  pass,  with  many  con- 
tortions, undemeatii  it.  The  apparent  vearticaliiy  in  this 
district  is  produced  by  intense  and  rapid  puckering  within  the 
large  folds,  so  that  across  the  crest  of  an  anticline,  or  the  centre 
of  a  syncline,  the  prominent  inclination  appears  vertical  on  both 
sides.  The  gnraphitic  and  other  schists  north-west  of  Smiorasair 
probably  on  me  whole  dip  nearly  with  the  elope  of  the  hill,  so 
that  a  small  change  of  dip,  or  of  the  declivity  of  the  hill,  suffices 
to  alter  the  form  of  their  outcrop. 

The  tectonic  relations  of  the  altered  sediments  to  the  north- 
east of  Loch  Maree  are  far  from  clear.  The  Gleann  Tulacha, 
the  Beinn  Airidh  a'  Char,  and  the  Folais  bands,  as  well  as  the 
hornblende-schists  which  separate  them,  aro  certainly  all  folded 
into  a  complex  syncline,  the  north-east  limbs  of  whicn  generally 
dip  south-west,  while  the  south-west  limbs  aro  themselves 
plicated,  sometbnes  dipping  north-east  and  at  other  times  south- 
west. The  hornblende-schist  between  the  Fumes  and  the  Folais 
bands  is  separated  from  the  homblende-schist  which  overlies  the 
Gleann  Tulacha  belt  by  the  Beinn  Airidh  a'  Char  sediments. 
Hence  these  bands  of  homblende-schist  canuot  be  the  same,  nor 
can  the  Fumes  band  be  the  same  as  that  of  Gleann  Tulacha, 
unless  the  rocks  were  already  folded  before  the  development  of 
the  compound  syncline,  which  is  not  an  improbable  supposition. 

An  attempt  is  made  in  Plate  XXX.,  Section  B,  to  show  what 
are  supposed  to  be  the  general  tectonic  relations  of  the  rocks 
between  Loch  Maree  and  Beinn  a'  Chasgein  Mor.  The  section 
is  drawn  several  miles  south-east  of  the  north-westem  apex  of 
the  compound  syncline,  and  does  not  show  the  evidence  that 
favours  the  supposition  of  the  existence  of  an  earlier  fold. 

The  thick  hornblende-schists  north-east  of  Loch  Maree  seem 
to  have  been  foliated  before  the  mylonising  movements,  for  many 
pieces  enclosed  within  the  mylonites  are  indistinguishable  from 
these  schists.  There  may  have  been  two  periods  of  flexure  later 
than  the  foliation  of  the  hornblende-schists,  and  separated  from 
one  another  by  an  interval  during  which  certain  rocks  were 
mylonised.     It  also  seems  probable  that  the  movements  which 

E heated  the  mylonites  in  tne  Folais  area  were  later  than  the 
road  flexure  that  affected  the  basic  dykes  near  Carnmore,  for  the 
pegmatites  and  mylonites  near  the  latter  place  seem  to  have  been 
unaffected  by  folaing. 
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Near  the  foot  of  the  burn  half  a  mile  east  of  Isle  Maree,  and 
again  on  the  hillside  a  mile  and  350  yards  S.S.E.  of  the  top  of 
Beinn  Airidh  a'  Char,  the  hornblende-schist  which  there  lies 
below  the  mica-schist  approaches  close  to  the  hornblende-schist 
that  lies  above  and  on  the  east  side  of  that  zone.  The  two  bands 
mav  conceivably  belong  to  one  sheet  which  has  been  plicated  at 
different  times,  first  so  as  to  include  the  mica-schist  between  the 
two  limbs  of  an  acute  fold,  and  thereafter  to  plicate  the  limbs 
of  this  early  flexure  and  the  mica-schist  between  them.  On  this 
supposition,  the  places  where  the  upper  and  lower  bands  of  horn- 
blende-schist approach  each  other  are  near  the  axis  of  the  early 
fold.  In  some  parts  of  the  hornblende-schist,  particularly  in  the 
area  between  a  mile  and  a  mile  and  a  third  N.N.W.  of  Folais, 
the  foliation-planes  are  twisted  by  flexures  with  axial  planes 
striking  nortn  and  south,  both  limbs  hading  east.  Such 
plications  are  of  the  type  which  would  account  for  the  two  bands 
of  hornblende-schist  being  portions  of  one  folded  sheet. 

It  is  not  improbable  that  the  Gleann  Tulacha  belt  of  sediments 
may  be  separated  from  the  gneiss  beyond  by  a  line  of  thrust, 
for  the  north-east  side  of  the  Beinn  Lair  hornblende-schist  and 
the  Gleann  Tulacha  sediments,  appear  to  cross  the  direction 
of  some  basic  dykes  in  the  gneiss  further  north-east.  Some 
thin  mylonised  bands  run  with  the  Gleann  Tulacha  sediments, 
but  they  have  not  been  seen  north-west  of  Meall  Mheinnidh,  and 
perhaps  some  earlier  line  of  thrust  keeps  along  the  junction  of 
the  sediments  and  the  gneiss. 

In  the  section  rather  less  than  a  mile  above  the  head  of 
Lochan  Fada  a  pale-grey  rock,  a  few  feet  thick,  comes  between 
the  Gleann  Tulacha  sediments  and  the  gneiss  on  the  north-east 
side.  It  diflEers  from  the  gneiss  in  colour  and  in  containing  few 
or  no  parallel  ouartz-streaks,  but  conspicuous  long  prisms  of 
hornblende.  The  quartz  and  felsi)ar  grains  show  cataclastic 
characters,  but  many  of  the  hornblende  prisms  have  idiomorphic 
terminations,  are  unstrained,  and  contain  grains  of  the  quartz 
and  felspar.  In  the  field  it  seemed  as  if  this  pale  rock  might 
possibly  belong  to  the  altered  sediments,  the  hornblende  havmg 
been  developed  by  metamorphic  action.  The  constituents  are, 
however,  the  same  a^s  those  in  the  rod  gneiss,  with  the  exception 
of  hornblende  and  possibly  of  orthiie.  Perhaps  the  pale  rock 
should  be  regarded  as  a  sheared  form  of  the  adjoining  gneiss, 
though  the  foliation-dips  in  the  coarse  gneiss  on  the  north-east 
side  of  the  glen  are  much  the  same  as  those  in  the  sediments. 
The  boundary  between  the  pale  rock  and  the  red  gneiss  is  not 
sharp,  but  a  specimen  (4407)  of  the  latter,  taken  at  a  distance  of 
two  or  three  feet  from  the  pale  rock,  is  granular  rather  than 
granulitic  in  stnicture. 

A  quarter  of  a  mile  south  of  Furnes,  and  between  Regoilachy 
and  Fasagh,  the  mica-schists  are  separated  from  the  loch-side 
by  gneiss  with  many  bands  of  hornblende-schist,  most  of  which 
certainly  represent  oasic  dykes.  The  line  between  the  gneiss 
and  the  mica-schists  is  a  pre-Torridonian  dislocation.     Between 
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Beeoilachy  and  Fasagh  the  gaeiss  and  the  dykes  become  more 
and  more  crushed  as  they  are  traced  away  from  the  loch  in  a 
north-east  direction  towards  the  mica-schists.  The  gneiss  is 
first  crossed  by  many  strings  of  a  compact  purplish-brown  flinty, 
or  felsitic-looking,  material.  Then  the  external  aspect  becomes 
affected,  the  rock  weathers  white,  and  the  flinty  material 
becomes  general.  The  dykes  are  similarly  affected  but  to  a  less 
extent.  Both  in  the  gneiss  and  dykes  the  flinty  rock  can  often 
be  seen  to  follow  the  planes  of  dislocation.  The  fault  which 
bounds  the  gneiss  on  the  north-east  side  has  probably  an  upthrow 
to  the  south-west,  but  whether  the  crush  phenomena  obseiTed 
in  the  gneiss  are  due  to  this  line  of  movement  is  doubtful. 
Perhaps  it  is  a  later  dislocation  along  an  old  line  of  weakness. 
The  section  in  Fig.  10,  which  has  been  drawn  from  information 
supplied  by  Mr.  Greenly,  shows  the  general  structure  from  Loch 
Maree,  600  yards  south-east  of  Regoilachy,  to  the  south-west 
slope  of  vSlioch.  About  600  yards  south-east  of  Smiorasair 
bum,  at  a  place  where  a  marked  feature  appears  at  the  north- 
east margin  of  the  lochside  gneiss,  the  gneiss  seems  to  pass  into 
the  flaggy  brown  mica-schist,  and  the  latter  might  be  held  to 
have  been  formed  from  the  former  by  mechanical  meta- 
morphism.  But  perhaps  a  portion  of  the  schist  has  been  caught 
on  tne  upthrow  side  of  part  of  the  fault,  and  has  been  so  crushed 
with  the  gneiss  that  the  rocks  cannot  now  be  distinguished. 

In  the  centre  of  the  syncline  embracing  the  Folais  and  other 
bands  of  sediment  massive  pinkish  gneisses  are  intersected  with 
many  bands  of  hornblende-schist,  some  of  which  are  certainly 
altered  basic  dykes.  These  may  be  called  the  Leth  Chreag* 
gneiss.  In  their  present  position  these  gneisses  usually  overlie 
the  Folais  and  other  sediments  over  an  area  four  miles  long  by 
three-quarters  of  a  mile  broad,  but  this  is  not  always  so,  there 
being  some  places  where  the  south-west  limb  of  the  syncline  is 
vertical  or  dips  south-west.  It  is  not  certain  that  this  super- 
position was  originally  brought  about  by  thrusting,  for  the 
present  synclinal  arrangement  of  the  rock-masses  is  later  than 
most  of  the  mylonisino:,  and  it  cannot  be  determined  how  the 
mylonites  were  inclined  before  the  syncline  was  formed. 
Possibly  they  were  nearly  vei-tical.  Nor  can  the  amount  of 
movement  be  estimated  which  has  taken  place  along  the 
mylonites  that  now  underlie  the  Leth  Chreag  gneiss,  seeing  that 
before  the  movement  the  sediments  and  associated  rocks  may 
have  been  folded,  so  as  to  bo  flanked  by  the  more  massive 
gneissose  rocks  on  either  side. 

The  various  members  of  the  series  of  presumably  altered 
sedimentary  deposits  and  their  associated  rocks  in  the  district  of 
Loch  Maree  and  Gairloch  will  now  be  described  in  the  followiner 
order :  —(1)  Mica-schists ;  (2)  Mica-actinolite-schists ;  (3") 
Graphite-schists ;       (4)      Granular-quartz-rock ;       (5)      Quartz- 

*  Leth  Chreag  is  the  name  of  a  crag  in  which  this  gneiss  and  the  horn 
blende  schists  are  unusually  well  seen.  It  is  not  named  in  the  one-inch  map, 
but  it  lies  about  a  mile  W.N.W.  of  Loch  Garbhaig  and  trends  N.N.E. 
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maffnetite-scliists   and   Quartz-scliists ;    (6)    Quartz-homblende- 
scliists ;     (7)    Limestones ;     (8)    Calcareous    Biotite-hornblende- 
schists;  (9)  Kyanite-gneiss ;  (10)  Cummingtonite-garnet-scliist ; 
(11)  Chlorite-schists ;    (12)  Hornblende-schist  and  Hornblende- 
cblorite-scliist ;    (13)  Hornblende-schists  with  brown  mica  and 
pyrites ;  (14)  Actinolite-schists  without  either  quartz  or  felspar. 
(1)     Mica-schists, — A   flaggy    brown    mica-schist    is   the    most 
common  type  of  the  altered  sediments,  and  is  especially  abundant 
in  the  Gairloch  area.     It  has  a  close  resemblance  to  a  mica- 
schist  near  Findlater  Castle,  Banffshire,  but,  unlike  it,  does  not 
in  most  parts  contain  actinolite.     Owing  to  the  presence  of  small 
specks  and  streaks  of  pyrites,  it  often  weathers  with  a  rusty 
surface.       Its  foliation  planes  are  coated  with  small  flakes  of 
white,  black,  or  bronze-brown  mica,  and  it  splits  readily  along 
the  foliation,  but  the  cross  fracture  is  rather  conchoidal.       Good 
exposures  of  this  schist  may  be  seen  by  the  road  half  a  mile  south 
of  Meall  Aundrary,  on  the  south  side  of  A'  Chosag,  and  in  the 
burn  at  the  side  of  the  wood  west  of  An  Groban,  all  situated  to 
the  east  and  south-east  of  Gairloch.      These  several  outcrops  lie 
in  the  same  broad  band  which  stretches  from  the  Torridonian 
rocks  on  the  north  slopes  of  Bus-bheinn  to  the  road  between 
Strath  and  Poolewe.     The  width  of  this  band  is  in  many  places 
nearly  half  a  mile,  but  it  diminishes  on  the  north-west  side  of 
Loch  Mhuilinn.     On  the  south-west  side  of  this  broad  band,  and 
separated  from  it  by  hornblende-schist,  various  thinner  bands 
have  been  observed. 

On  the  north-east  side  of  Loch  Maree  the  mica-schists  are  much 
mixed  with  thin  graphitic-schists.  They  also  contain  in  many 
places  large  crystals  of  dark  actinolite — a  mineral  which  appears 
to  come  in  sporadically.  Those  schists  in  which  it  is  specially 
abundant  are  described  in  the  sequel  (Sec.  2,  p.  224).  Near 
the  path  between  Letterewe  and  Fa^sagh  a  band  of 
mica-schist  extends  about  five  miles  in  a  north-west 
direction.  North  and  north-west  of  this  band  various 
much-folded  zones  of  mica-schist  appear  at  the  sides  of 
or  between  outcrops  of  fine  hornblende-schist,  like  that  forming 
the  bulk  of  Beinn  Lair.  One  of  these  bands  strikes  north  from 
about  half  a  mile  east  of  Isle  Maree  for  about  a  mile  and  a  half. 
Another  occurs  in  Gleann  Tulaclia,  below  the  Beinn  Lair  horn- 
blende-schist. Other  outcrops  are  found  near  the  top  of  Beinn 
Airidh  a'  Char,  between  the  heads  of  the  two  burns  which  run 
westward  from  this  hill,  and  north  of  the  limestone  quarry  on 
Am  Ma  reach. 

In  Gleann  Tulacha  a  dark-brown  foliated  rock  is  seen  on  either 
side  of  the  limestone  in  a  little  burn  two-thirds  of  a  mile  above 
the  head  of  Lochan  Fada,  on  the  north-east  side  of  the  limestone 
in  a  section  rather  less  than  a  mile  above  the  head,  and  in  other 
places.  It  is  more  massive  and  felspathic  than  the  common 
type  of  mica- schist  in  Gairloch,  and  contains  epidote  crystals, 
seme  of  which  are  half  an  inch  long.  Biotite  generally  con- 
siderably preponderates  over  white  mica,  but  large  plates  of  the 
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latter  mineral  sometimes  lie  across  the  foliation-planes.  Calcite 
occurs  in  some  bands  as  an  essential  ingredient  in  close  associa- 
tion with  the  granulitic  felspar  and  quartz.  Small  grains  of 
black  iron-ore  and  scattered  prisms  of  tourmaline  can  often  be 
seen  with  the  unaided  eye.  In  specimen  4413,  from  1540  yards 
W.N.W.  of  Lochan  Fada,  part  of  the  felspar  is  microcline. 
Scattered  crystals  of  hornblende  may  occasionally  be  observed. 
In  the  section  rather  less  than  a  mile  above  Lochan  Fada  the 
mica-schist  is  mixed  irregularly  with  a  coarse  gneissose  rock 
containing  large  crystals  of  green  actinolite,  epidote,  pink  and 
white  felspar,  and  some  quartz,  the  dark  and  the  pale  constituents 
being  sometimes  separated  in  subparallel  folia.  The  actinolites, 
in  the  dark  parts  are  sometimes  grouped  in  radiate  forms  as 
much  as  an  inch  in  breadth.  These  two  types  of  brown  mica- 
schist  and  coarser  gneissose  rock  are  often  arranged  in  parallel 
bands.  The  schist  sometimes  shows  a  structure  resem- 
bling bedding,  which  is  crossed  by  a  foliation  in  the  same 
direction  as  tne  banding  in  the  coarse  rock.  In  some  places 
the  junctions  between  the  two  rocks  are  much  complicated,  and 
parts  of  the  brown  rock  appear  to  be  included  in  the  other. 

The  more  siliceous  mica-schists  weather  with  a  pale-grey 
crust,  and  often  project  somewhat  from  the  other  mica-schists 
with  which  they  are  associated.  When  broken  across  the  folia^ 
tion  they  show  a  conchoidal  fracture  which  sometimes  presents 
a  vitreous  lustre.  In  Gairloch  they  never  form  broad  outcrops, 
and  in  the  mapping  of  the  ground  they  have  not  there  been 
separated  from  the  other  mica-schists.  They  may  be  seen  on  the 
west  side  of  the  terry  slightly  west  of  south  of  Kerrysdale,  200 
yards  south  of  Lochan  Dubh  nan  Cailleach  (in  bands  six  or  seven 
feet  thick),  and  about  700  yards  E.8.E.  of  Kerrysdale.  In  the 
area  north-east  of  Loch  Maree  siliceous  mica-schists  are  more 
conamon.  A  broad  band  of  them  runs  close  to  the  path  from 
near  Letterewe  to  near  Regoilachy ;  other  exposures  are  met  with 
east  of  Furnes  and  near  Coppachy. 

A  specimen  (41 90)  of  the  hard  mica-schist  from  the  roadside 
a  quarter  of  a  mile  south  of  Meall  Aundrary  (two  and  a  half  miles 
south-east  of  Gairloch)  was  found,  under  tlie  microscope,  to  be 
essentially  composed  of  a  fine-grained  mosaic  of  water-clear 
grains  and  minute  Hakes  of  pale-brown  mica,  with  iron-ore  and 
tourmaline  (scarce  and  in  fragments)  as  accessories.  Another 
specimen  (4787)  obtained  half  a  mile  north-west  of  Inishglass 
(on  the  north  side  of  Loch  Maree)  contains  a  number  of  small 

Eink  garnets  which  are  just  large  enough  to  be  discerned  by  the 
and  lens.  Garnets  also  occur  in  the  thin  bands  of  mica-schist 
interbanded  with  gi-aphite-schist  on  the  hillside  nearly  a  mile 
south-west  of  Beinn  Lair. 

The  more  micaceous  mica-schists  never  spread  over  large  areas 
either  in  the  Gairloch  area  or  in  that  to  the  north-east  of  Loch 
Maree,  and  they  have  not  been  mapped  separately  from  the 
others.  Half  a*^mile  slightly  east  of  south  of  the  foot  of  the 
Dubh  Loch,  Gairloch,  the  shore  of  the  lake  exposes  bands  com- 
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posed  of  crumpled  folia  of  brown  and  white  mica,  with  idio- 
morphic  garnets,  interstratified  with  more  siliceous  schists.  On 
the  shore  of  Loch  Maree,  150  yards  slightly  west  of  south  of 
Inishglass,  garnets  are  also  specially  abundant  in  the  more 
micaceous  scnists.  The  thin  band  of  altered  sediments  in  the 
bum  east  of  Meall  Each  includes  a  silvery  gametiferous  mica- 
schist,  only  a  few  feet  thick,  which  is  described  by  Dr.  Teall  as 
a  type  specimen. 

No  clastic  grains  have  been  detected  in  any  of  the  mica-schists. 
In  some  places,  as,  for  instance,  on  the  shore  of  Loch  Maree,  150 
yards  slightly  west  of  south  of  Inishglass,  the  foliation  planes 
of  the  schists  display  many  thin  quartz-veins  in  which  a  white 
felspar  occurs  in  scattered  eyes,  which  are  often  thicker  than  the 
quartzose  parts  of  the  veins  in  which  they  occur.  Thus,  in  one 
of  the  veins  that  has  an  average  width  of  three-quarters  of  an 
inch,  an  eye  of  felspar  was  noticed  an  inch  and  a  half  broad. 
Many  of  these  eyes  have  only  short  extensions  of  quartz  at  their 
sides,  and  might  on  cursory  examination  be  mistaken  for  clastic 
grains.  Most  of  them  show  one  cleavage-plane  extending  across 
their  whole  breadth.  The  mica-schists  have  been  repeatedly 
folded.  Owing  to  their  fineness  of  grain,  it  is  difficult  to  discern 
to  what  extent  they  have  also  been  affected  by  cataclastic  or 
mylonising  action.  Microscopic  examination  shows,  however, 
that  in  many  places  the  granulitic  constituents  have  been 
strained  and  crushed,  or  broken  down  into  streaks  of  finer 
granides.  Mylonised  structures,  where  not  seen  in  the  schists 
themselves,  are  sqmetimes  visible  in  thin  pegmatites  within  the 
schists.  Examples  of  such  sheared  pegmatites  have  been 
observed  near  the  thick  hornblende-schist  a  quarter  of  a  mile 
north-east  of  Fumes  (on  the  north  side  of  Loch  Maree),  about 
700  yards  slightly  east  of  north  of  Coppuchy,  and  in  various 
places  rather  more  than  two-thirds  of  a  mile  slightly  south  of 
west,  and  again  1500  yards  S.S.E.  of  Coppachy. 

Some  of  the  brown  flaggy  schists  on  the  soulh-east  side  of 
Beinn  Airidh  a'  Char  should  probably  be  regarded  as  mylonites 
into  the  composition  of  which  mica-schist  and  also  other  rocks 
have  entered.  In  a  section  near  the  south-west  edge  of  the  thick 
hornblende-schist  a  mile  south-east  of  the  hill-top,  the  brown 
schist  contains  lenticles  and  eyes  of  finely  foliated  hornblende- 
schist  like  that  of  the  thick  band.  Many  of  the  lenticles  are  two 
or  three  feet  long,  and  the  folia  in  them  end  abruptly  at  the 
margins  of  the  lenticles,  while  the  planes  of  the  brown  rock  wind 
round  the  margins. 

Mica-schists  are  occasionally  crossed  by  flinty  or  halleflinta- 
like  streaks  which  seem  to  be  due  to  intense  crushing.  Examples 
may  be  seen  about  200  yards  east  of  Eegoilachy,  about  1500  yards 
S.S.E. ,  and  half  a  mile  north,  of  Coppachy,  and  in  a  band  rather 
more  than  a  mile  slightly  west  of  south  of  Beinn  Lair. 

(2)  Mica^cvctinoUieschists. — Mica-schists  with  long  needles 
of  actinolite  are  not  uncommon.  The  brown  mica  and  actinolite 
are  frequently  accompanied   by  large  garnets,   thin  calcareous 
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streaks,  and  specks  of  pyrites  which  give  a  rusty  colour  to  the 
weathered  surface  of  the  rocks.  Thin  bands  of  such  schist  may 
be  seen  in  Gairloch  at  the  following  places :  near  the  south-west 
side  of  the  thick  hornblende-schist  nearly  half  a  mile  south-east 
of  Loch  Bad  an  Sgalaig ;  at  the  north-east  side  of  the  thick  horn- 
blende-schist half  a  mile  south-east  of  the  outlet  of  the  Dubh 
Loch;  about  700  yards  S.S.W.  of  Lochan  nam  Breac ;  at  the 
north-east  side  of  the  thick  hornblende-schist  100  yards  west  of 
Am  Feur  Loch,  and  along  the  strike  north-west.  In  the  area 
north-east  of  Loch  Maree  schists  of  this  type  form  a  considerable 
proportion  of  the  bands  of  micaceous-schist  which  run  from  near 
the  top  of  Beinn  Airidh  a*  Char  towards  the  west  end  of  Loch 
Garbhaig.  Examples  may  also  be  seen  in  the  bum  that  flows 
into  Loch  Maree  about  half  a  mile  east  of  Isle  Maree,  at  the  edge 
of  the  thick  hornblende-schist  rather  more  than  two-thirds  of  a 
mile  slightly  south  of  east  of  Furnes,  in  Gleann  Tulacha,  350 
yards  S.S.E.  of  Strathanmore,  about  half  a  mile  slightly  east  of 
north  of  Ardlair,  and  east  of  Am  Marcach. 

While  in  some  of  these  schists  the  hornblendes  are  small  and 
sparsely  scattered  through  the  micaceous  matrix,  in  others  only 
a  few  yards  distant  these  minerals  may  be  half  an  inch  broad  and 
two  inches  long  and  may  preponderate  over  the  matrix,  some- 
times combining  in  radiate  shapes,  with  arms  nearly  parallel  to 
the  foliation  of  the  rock  and  the  flakes  of  brown  mica.     Macro- 
scopically  they  are  dark-green  or  black,  but  in  thin  slices  often 
nearly    colourless,     and     crowded     with     small     inclusions     of 
granulitic  materials.     Most  of  the  garnets  have  rounded  edges, 
or  they  occur  in  lumps  with  their  long  axes  parallel  to  the  folia- 
tion.      In  the  band  three-ciuarters  of  a  mile  south-west  of  Beinn 
Lair,   the   larger  garnets   nave   rounded   outlines   and  coats   of 
biotite,  while  the  smaller  have  no  such  coats  and  are  idiomorphic. 
These  forms  of  mica-schist  include  calcareous  poHions  which 
vary  from  the  thinnest  streaks  to  bands  a  foot  or  two  thick,  and 
often  cross  the  foliation  planes  of  the  rock,  or  enclose  rounded 
pieces  of  the  schist.     In  a  band  within  the  thick  honiblende- 
schist  half  a  mile  south-west  of    Meall     Mheinnidh,   north  of 
Letterewe,  the  transgression  of  the  calcareous  streaks  and  the 
inclusion  of  hornblendic  pai-ts  is  well  seen.       Some  of  the  hom- 
blendic  lenticles  appear  to  have  been  derived  from  a  rock  which 
was  first  sharply  folded   and  then  broken   along  the   limbs  of 
flexure.        A  considerable  proportion  of  the  calcareous  matter 
would  therefore  appear  to  have  been  introduced  into  its  present 
position  either  at  the  time  of,  or  subsequently  to,  various  thrusts 
and  mylonising  movements.     Some  lime  may  perhaps  have  been 
liberated  by  chemical  changes  taking  place  during  these  move- 
ments, for  instance,  by  the  conversion  of  part  of  the  hornblende 
into  biotite.        But   these   rocks   were   probably   originally  cal- 
careous, and  most  of  the  substance  of  the  calcareous  streaks  may 
have  been  derived  from  other  parts  of  the  bands.     The  ready 
solubility  of  calcite  would  enable  it  to  travel  from  one  part  of 
the  rock  to  another,  and  to  collect  in  the  lines  of  thrust, 
p 
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In  a  specimen  (4761)  taken  from  about  1500  yards  elightly 
west  of  south  of  the  lochan  on  Meall  Mheinnidh,  the 
schist  has  been  considerably  sheared.  It  contains  some 
large  grains  of  hornblende  and  of  garnet  round  which  the 
thin  laminae  of  the  matrix  sweep.  The  hornblende  fragments 
show  strain  shadows,  and  one  of  them  in  the  thin  slice  is  crossed 
by  microscopic  faults.  Some  of  the  garnet  pieces  are  full  of 
cracks  which  do  not  go  into  the  matrix  and  which  were  probably 
produced  during  the  mylonisation.  In  slice  4766,  made  from  a 
rock  two-think  of  a  mile  slightly  east  of  north  of  Isle  Maree,  the 
grains  of  water-clear  material  enclosed  in  the  pieces  of  horn- 
blende are  generally  larger  than  those  in  the  matrix,  which  may 
be  accounted  for  on  the  supposition  that  they  were  protected  by 
the  enclosing  hornblende  from  the  crushing  movements.  In  a 
schist  (4411)  observed  about  300  yards  north-west  of  the  head  of 
Lochan  Fada  many  needles  of  pale-brown  tourmaline  can  be  seen 
under  the  microscope,  some  of  them  broken  and  slightly  faulted. 
A  few  quartz-tourmaline  veins  have  been  noticed  in  the  schists 
on  the  north-east  side  of  Loch  Maree. 

(3)  Graphite-schists. — ^These  form  thin  bands  from  a  few 
inches  to  rarely  more  than  a  few  feet  in  thickness,  much  inter- 
mixed with  mica-schist  or  mica-act inolite- schists.  The  graphite 
never  occurs  in  distinct  scales,  but  in  irregular  clois,  shreds,  and 
small  particles  which  sometimes  exist  as  inclusions  in  the  other 
minerals  in  the  schist.  In  some  places  these  inclusiona  prove 
not  only  that  the  graphitic  rocks  existed  as  schists,  but  also  that 
these  schists  had  been  much  contorted  and  crushed  before  the 
formation  of  the  minerals  which  contain  tlie  graphite.  One  of 
the  common  enclosing  minerals  is  actinolite  in  feathery  and 
radiate  forms.  The  graphite-schist,  for  instance,  which  crops 
out  about  1500  yards  S.S.E.  of  Beinn  Lair  is  hard,  has  a  sharp 
metallic  ring  when  struck,  and  contain^s  folia  particularly  rich 
in  graphite,  some  of  which  is  traceable  through  the  actinolites 
(4427). 

At  a  localitv  nearly  a  mile  south-west  of  the  same  mountain 
a  dozen  alternating  laminrp  of  more  or  less  graphitic  schist  are 
sometimes  visible  within  a  breadth  of  half  an  inch.  The 
extreme  thinness  of  these  laminoe,  however,  may  perhaps  be  due 
to  their  having  been  dragged  out  in  the  limbs  of  a  fold.  Xear 
Inishglass  (on  the  north  side  of  Loch  Maree)  and  Kerr^-sdale 
most  of  the  bands  of  graphite-schist  vaiy  in  thickness  fn>m  a  few 
inches  to  a  few  feet:  most  of  the  intermixed  mica- schists  are 
rather  hard  and  siliceous. 

In  many  of  the  exposures  of  gra})hite-sschist  numerous  slightly- 
curved  surfaces  may  be  seen,  perhaps  crush-surfaces,  whi.'h 
blacken  the  fingers  readily.  In  some  sections,  for  instance,  in 
the  bum  a  quarter  of  a  mile  north-east  of  Furnes,  the  graphite- 
schist  is  so  full  of  movement  linas  that  no  clean  fracture  can  be 
procured,  and  yet  the  schists  near  it  are  but  little  cnished. 

The  graphitic-schists  and  some  of  the  mica-schists  with 
which  they  are  so  closely  intermingled  often  weather  with   a 
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rusty  colour  in  consequence  of  disseminated  pyrites.  In  dry 
weather  the  surfaces  of  these  schists  are  also  frequently  coated 
with  a  thin  efflorescence  of  sulphates.  Nearly  all  the  WLstv 
schists  between  Letterewe  and  Smiorasair,  north-east  of  Loch 
Maree,  contain  graphitic  bands,  and  chiefly  lie  between  hard 
siliceous  mica-schists  on  the  south-west  side  and  a  thick  horn- 
blende-schist on  the  north-east.  Including  thinner  hornblende- 
schists  they  form  an  outcrop  which  varies  in  width  from  about 
300  yards  to  a  quarter  of  a  mile.  Bands  of  graphite-schist  also 
occur  north-west  from  Loch  Garbhaig;  1500  yards  S.S.W.  of 
Beinn  Lair;  at  the  base  of  the  thick  hornblende-schist  north- 
west of  Meall  Mheinnidh ;  in  Gleann  Tulacha ;  and  at  other 
localities. 

In  Gairloch  most  of  the  exposures  of  graphite-schist  lie  between 
the  two  thick  bands  of  hornblende-schist  which  run  south-east 
from  near  Gairloch  Bridge  and  Flowerdale  House.  Others 
appear  at  the  side  of  the  new  road  nearly  three-quarters  of  a  mile 
west  of  the  outlet  of  Loch  Bad  an  Sgalaig,  nearly  half  a  mile 
S.S.W.  of  this  outlet,  rather  more  than  a  mile  S.S.W.  of  Kerrys- 
dale,  and  in  a  bum  a  mile  and  300  yards  south-west  of 
Kerrysdale*. 

In  a  pyritous  graphitic  rock  230  yards  above  the  foot  of  the 
little  stre4im  which  flows  into  the  Kerry  nearly  a  mile  S.S.W. 
of  KeiTysdale,  thin  veins  of  biotite- felspar  material  appear  to 
have  been  introduced  into  the  rock  after  it  had  been  brecciated, 
and  the  graphite  occurs  partly  as  fine  dust  included  in  the  biotite. 

The  grapnite-sehist  a  mile  and  300  yards  W.N.W.  of  the  head 
of  Lochan  Fada  contains  a  white  mica  which  must  have  been 
developed  after  the  parallel  arrangement  of  the  chief  graphitic 
portions.  In  a  section  (4421)  there  are  also  veins  and  patches 
of  felspar,  often  twinned,  and  a  mineral,  suj)posed  by  Dr.  Teall  to 
l>e  probably  andahisite,  which  is  of  later  origin  than  the  present 
distribution  of  the  graphite. 

(4)  Gi'anular  Quartz-rock, — Near  Lochan  Druim  na  Feama 
in  the  Gairloch  area  some  bands  of  a  granular  quartz-rock,  pale- 
pink  in  colour  and  somewhat  resembling  quaitzite,  have  been 
observed.  (Jne  of  these  bauds,  which  appears  nearly  half  a  mile 
slightly  east  of  north  of  the  outlet  of  the  lochan,  is  about  16  yards 
broad,  and  is  flanked  on  the  north-east  side  by  thin  streaks  of 
similar  rock  mixed  with  limestone.  Another  band,  a  third  of  a 
mile  north-east  of  the  outlet,  is  also  rather  calcareous  in  places. 
The  best  exposures  of  this  ty])e  of  rock  are  to  be  seen  on  the 
south-east  of  the  loch.  Each  band  is  there  mainly  composed  of 
thin  parallel  laminie,  from  half  an  inch  to  an  inch  thick,  on  the 
surfaces  of  which  lie  scattered  flakes  of  a  dark-green  mica  or 
chlorite.  Some  of  the  bands  contain  eye-shaped  masses,  several 
yards  broad,  of  a  dark  homblendic  rock,  like  parts  of  the  adjoin- 
ing gneiss,  round  which  the  laminie  of  quartz-rock  swee]).       If 

♦  For  further  remarks  on  the  distribution  of  graphite  schist  in  the  Gair- 
loch area,  see  p.  216. 
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the  quartz-rock  is  an  altered  sediment,  it  would  appear  to  have 
at  one  time  been  made  to  flow  across  the  folia  of  the  pieces  of 
homblendic  rock.  In  slice  5122  the  junctions  of  the  grains  of 
quartz  and  felspar  are  stated  by  Dr.  Teall  to  be  sutural,  but 
this  may  be  due  to  secondary  enlargement  of  clastic  grains. 

In  the  area  north-east  of  Loch  Maree  similar  bands  of  quartz- 
rock  have  been  observed  on  the  north  side  of  Amhainn  na 
Fumeis,  particularly  about  three-quarters  of  a  mile  E.N.E.  of 
Inishglass,  and  in  some  scars  three-quarters  of  a  mile  E.N.E.  of 
Furnes.  Bands  and  lumps  of  dark  hornblendic  rock  are  there 
also  intimately  mixed  with  the  quartz-rock,  the  laminae  of  which 
can  be  seen  in  several  places  to  cross  the  folia  of  these  included 
masses. 

(5)  Qitartz-magnetite'Schisls  aiid  Quartz-schists, — A  quartz- 
magnetite- schist,  mixed  with  limestone  and  calcareous  chlorite- 
schist,  is  seen  in  various  places  at  the  north-east  side  of  the  thick 
hornblende-schist  which  runs  north-west  from  a  point  300  yards 
south-west  of  the  outlet  of  Loch  Bad  an  Sgalaig  in  the  Gairloch 
district.  The  best  exposures  are  by  the  old  road  near  the  south- 
west comer  of  the  Meall  Auudrary  wood,  and  between  that  place 
and  a  third  of  a  mile  west  of  the  north  corner  of  the  wood. 
Some  varieties  of  this  schist  consist  of  alternating  pale  and  dark 
layers,  the  former  containing  a  great  proportion  of  quartz  and 
having  a  somewhat  vitreous  lustre,  while  the  dark  layers  present 
streaks  and  irregular  grains  of  magnetite  mixed  with  a  little 
quartz,  and  affect  the  compass.  The  hornblende- schist  which 
nins  south-east  from  Kerrysdale  includes  various  bands  of 
quartz-schist,  one  of  which,  rather  more  than  two- thirds  of  a 
mile  south-east  of  Kerrj^sdale,  is  black  and  contains  sufficient 
magnetite  to  affect  the  compass.  Other  thin  bands  of  black,  or 
of  banded  pale-grey  and  black,  quartz-schist  may  be  observed 
in  the  following  places  in  the  Gairloch  district:  250  yards 
E.N.E.  of  Kerrysdale;  about  700  yards  south-east  of  Gairloch 
Bridge  ;  nearly  a  third  of  a  mile  north-east,  and  a  third  of  a  mile 
E.N.E.,  of  the  Gairloch  Hotel ;  a  third  of  a  mile  east  of  this 
hotel,  and  in  the  apex  of  a  large  fold  of  the  rocks  about  a  mile 
south  of  Kerrysdale. 

Half  a  mile  south-west  of  Meall  Aundrary  (two  and  a  half 
miles  south-east  of  Gairloch),  between  hornblende-schists, 
various  bands  of  quartz-schist  display  a  conchoidal  fracture,  and 
as  some  of  them  contain  hornblende  they  cannot  be  easily 
separated  from  the  hornblende-schists  of  igneous  origin. 

In  the  district  north-east  of  Loch  Maree  most  of  the  quartz- 
schists,  whether  with  or  without  magnetite,  appear  to  have  been 
mylonised.  They  are  more  compact  and  more  finely  bande<I 
than  those  in  the  Gairloch  district,  and  have  a  considerable 
resemblance  to  banded  cherts.  The  quartz-schists  in  both  dis- 
tricts may  possibly  represent  altered  cherts,  but  the  present 
resemblance  of  certain  portions  of  them  to  cherts  is  perha])s 
rather  the  result  of  deformation.  In  some  exposures  noi-th-east 
of  Loch  Maree  more  than  30  thin  lamina)  may  be  counted  in  the 
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thickness  of  a  quarter  of  an  inch.  Each  of  them  was  not 
improbably  broader  originally  but  has  been  dragged  out  and 
thinned.  Most  of  the  outcrops  of  quartz-schist  are  only  a  few 
feet  wide,  and  the  rocks  are  so  much  contorted,  and  perhaps  also 
displaced  by  thrusts,  as  to  be  difficult  to  trace. 

In  the  inlier  of  Lewisian  rocks  on  the  eastern  shoulder  of 
Slioch,  near  the  head  of  Loch  Maree,  a  thin  wedge  of  altered 
sediments,  exposed  in  Abhuinn  an  Fhasaigh,  includes,  among 
other  rocks,  a  granulitic  quartz-magnetite-schist  (4320)  which  is 
of  special  interest,  as  it  contains  a  mineral  supposed  by  Dr. 
Teall  to  be  possibly  sillimanite.  If  this  supposition  be  well- 
founded  it  would  suggest  that  the  rock  may  have  suffered  from 
contact  metamorphism,  perhaps  induced  by  the  igneous  rock 
which  is  now  represented  by  the  overlying  thick  hornblende- 
schist  (part  of  the  Ben  Lair  schist). 

Quartz-schists  with  dark-grey  or  black  streaks  and  resinous 
lustre  are  seen  at  the  following  places:  on  the  hillside  350 
yards  north-east  of  the  outlet  of  Loch  Garbhaig ;  a  third  of  a 
mile  E.S.E.  of  Letterewe ;  nearly  a  third  of  a  mile  E.N.E.  of 
Inishglass;  a  third  of  a  mile  N.N.W.,  and  350  yards  slightly 
west  of  south  of  Coppachy ;  and  behind  the  rock  called  Torr  an 
Fhithich*,  about  half  a  mile  north-west  of  Smiorasair.  At  the 
second,  third,  fifth,  and  last-named  localities  the  quartz-schist 
contains  small  pieces  of  actinolite-schist  and  of  hornblende,  and 
is  closely  associated  with  actinolite-mica-schist.  At  the  second, 
fifth,  and  last  places  the  dark  colour  is  known  to  be  due  to 
magnetite.  In  the  fourth  the  schist  is  mixed  with  thin  cal- 
careous streaks,  and  the  different  folia  sometimes  strike  at  one 
another — presumably  at  opposite  sides  of  thin  dislocations. 

Some  of  the  quartz-schists  here  described  may  possibly  have 
been  produced  by  the  shearing  of  quartz- veins.  The  horn- 
blende-schist a  mile  X.N.E.  of  Isle  Maree  is  traversed  by  a  folded 
quartz-schist,  about  12  feet  thick,  containing  a  good  deal  of 
pyrites.  At  its  marginal  junction  with  this  schist  the  horn- 
blende-schist is  occasionally  replaced  by  chlorite- schist,  and  thin 
bands  of  similar  quartz-schist  cross  the  foliation  of  the  horn- 
blende-schist in  a  vein-lilve  manner. 

(6)  Quartz- hornblende-schists. — A  few  bands  of  quartz- 
homblende-schist  have  been  noticed  in  the  broad  mass  of  horn- 
blende-schist on  Beinn  Lair.  About  half  a  mile  south-east  of 
the  hill-top  two  sucli  bands,  two  feet  and  five  feet  thick 
respectively,  are  separated  by  KJ  feet  of  fine  hornblende-schist, 
from  which  they  are  sharply  defined.  They  both  contain 
crystals  of  dark-green  actinolite,  some  of  which  measure  three  or 
four  inches  in  length  and  half  an  inch  in  l)readth,  and  coalesce 
into  radiate  forms.  Idiomorphic  garnets,  half  an  inch  broad, 
occasionally  occur,  particularly  in  the  more  micaceous  portions  of 
the  rock.     The  quartz,  usually  subordinate  in  amount  to  the 

♦  An  analysis  and  description  of  the  Torr  an  Fhithich  rock  is  ffiven  on 
p.  80. 
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aotmolite,  oocun  in  gnuialitic  Atreaks  ed^^ing  that  mineral.  ^  In 
a  thin  dice  (6109)  examined  under  the  micioecope  the  actinc^tes 
are  seen  to  contain  many  inclusions  of  auarts.  A  band  of 
similar  schist,  about  20  yards  wide,  may  oe  seen  a  little  more 
than  two-thirds  of  a  mile  south-east  of  the  top  of  Beinn  Lair. 

(7)  Zjmeitoiies. — ^The  limestones  are  for  tne  most  part  com- 
posed of  granules  of  white  calcite  together  with  flakes  of  mica 
and  with  needles  of  pale-green  tremolite,  which  often  form 
radiate  jgroups.  Some  varieties,  howcTer,  contain  a  considerable 
proportiCHi  (a  chlorite  and  seem  to  pass  into  chlorite-schists.  The 
limestones  are  rarely  more  than  a  few  feet  in  thickness.  The 
different  bands  will  here  be  described  seriatim,  first  in  the 
Gbirloch  and  then  in  the  Loch  Maree  area. 

a.  Gairloch  Area — Shieldaiff. — ^A  limestone 
striking  W.N.W.  was  formerlj  quarried  in  the  wood  a  quarter 
of  a  mile  E.S.E.  of  Shieldai^.  The  exposure  visible  m  the 
quanr  is  about  twelve  yards  wJue,  but  the  bed  is  evidently  much 
rolded  and  mixed  with  less  calcareous  parts,  like  the  calcareous 
schists  on  its  south-east  side.  The  purer  bands  consist  of  coarse 
white  marble  with  thin  ffreen  serpentinous  patches.  About  40 
yards  W.N.W.  of  the  road  the  marble  contains,  near  the  middle, 
,  a  pegmatite  five  cm:  six  yards  thick.  By  the  road  170  yards 
.north-east  of  this  outcrop  a  band  appears,  about  a  foot  tiiick, 
with  abundant  fibres  of  pale-green  actinolite:  the  carbonate 
portions  of  the  limestone  are  of  a  deep  brownish-red  colour, 
probably  in  ccmsequence  of  staining  from  Torridonian  breccias. 
In  the  wood  two-thirds  of  a  mile  E.8.E.  of  Shieldaig  four  or  five 
bands  of  marble  can  be  traced,  which  perhaps  all  belong  to  the 
bed  quarried  nearer  Shieldaig.  One  contains  many  parallel 
fibres  of  pale-green  tremolite,  flakes  of  pale-brown  mica  and 
chlorite  (r).  The  calcareous  matrix  is  partly  white  and  partly 
red,  the  latter  colour  being  especially  common  near  joints. 

On  the  north-east  side  of  the  Torridonian  rocks  near  Lochan 
Druim  na  Feama  limestone  occurs  at  several  places,  and  has  been 
quarried  at  one  of  these.  In  an  exposure  about  700  yards 
slightly  east  of  north  of  the  outlet  of  the  lochan  the  limestone  is 
mixed  with  granular  quartz-rock.  On  the  south-east  side  of  the 
lakelet  two  bands  of  limestone  crop  out,  one  of  which  consists  of 
two  portions  separated  by  a  calcareous  homblende-biotite-gneiss 
four  or  five  yards  wide:  the  total  thickness,  including  the  biotite- 
gneiss,  is  about  eleven  yards. 

The  Am  Feur  Loc h. — The  limestone  260  yards  north- 
east of  Am  Feur  Loch  (three  miles  south-east  of  Gairlo<»h)  gives 
the  name  to  the  hill,  Meall  an  Tuiil-aoil  (=  hill  of  the  quarry- 
holes  of  limestone).  It  is  divided  into  two  bands  by  a  calcai'eous 
homblende-biotite-ffneiss.  The  north-easterly  band,  about  15 
feet  thick  in  one  place,  has  been  (juairied  along  its  outcrop  for 
70  yards.  Both  bands  are  fine  grained,  of  a  white  or  pale-cream 
colour  on  fresh  fracture,  and  contain  small  parallel  flakes  of  a 
colourless  mica  and  greenish  fibres  of  tremolite.  Two  sets  of 
planes  may  be  observed  in  the  rock,  both  nearly  jmrallel  to  the 
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strike.  In  one  of  these  the  planes  are  smooth,  almost  free  from 
mica,  and  occur  at  intervals  of  about  half  an  inch.  In  the  other 
they  lie  at  greater  intervals,  and  are  i-ougher  and  more  micaceous. 
In  the  former  case  the  planes  seem  to  represent  thin  crush-lines 
or  joints,  and  to  be  later  than  the  others.  Perhaps  they  are  of 
the  same  age  as  the  lines  of  flinty  crush  near  the  north-east  side 
of  the  thick  hornblende-schist  of  An  Groban  and  Sithean  Mor. 
The  north-east  side  of  the  double  limestone  is  flanked  by  a 
sheared  micaceous  gneiss.  On  the  south-west  side  no  rock  is 
seen  for  some  distance.  Mr  Barrow  has  made  the  following 
analysis  of  a  specimen  of  the  south-west  portion,  from  which  it 
appears  that  the  rock  is  a  slightly  ferriferous  dolomite  :  — 

CaO     -  -  -        32-7  per  cent. 

MgO    -  -  16-2        „ 

Fe()     -  -  .  1-3 

The  limestone  is  not  seen  further  north-west,  nor  nearer  in  a 
south-east  direction  than  a  mile  and  'JOO  yards.  This  may  be 
due  to  faulting  along  the  flinty  crushes  already  alluded  to.  In 
the  exposure  to  the  south-east  the  limestone  makes  an  outcrop 
about  ten  yards  broad.  It  there  contains  tremolite,  brown  mica, 
some  soft-  serpentinous  parts  and  thin  bands  of  a  calcareous 
biotite-homblende-gneiss  which  resembles  the  rock  at  the  sides. 

Mairnetite  Limeston  e. — About  150  yards  east  of 
the  outlet  of  Lochan  Dubh  nam  Biast*,  and  more  than  three- 
quarters  of  a  mile  from  any  other  rock  which  has  been  mapped 
as  a  sediment,  a  limestone  containing  magnetite  makes  its 
appearance.  The  greatest  breadth  of  good  limestone  is  about  six 
feet,  but  there  are  also  other  impure  calcareous  rocks  at  the  side. 
The  carbonate  portions  weather  with  a  yellow  or  leaden  colour, 
but  in  fresh  fracture  are  white  or  pale  pink.  They  are  mixed 
irregularly  with  pieces  of  magnetite,  hornblende,  ej)idote,  and 
chalcopynte,  but  subparallel  zones  occur  in  which  the  carbonate, 
the  hornblende,  and  the  magnetite  are  predominant  in  turn. 
The  carl)onate  sometimes  contains  a  large  propoiiion  of 
magnetite,  which  also  (x^ca^ionally  constitutes  the  greater  part 
of  streaks  five  or  six  inches  thick.  The  hornblende  is  dark- 
green  or  black  macroscopically,  and  occurs  both  in  sheaves 
several  inches  long  and  in  small  j)nsms.  The  epidote  is  in  small 
green  prisms.  The  chalcopyrito  only  occurs  in  small  scattered 
grains.  In  a  slice  (4178)  of  a  specimen  which  is  poor  in  car- 
bonates, the  microscojie  shows  that  felspar,  frequently  in  a 
granulitic  condition,  also  forms  an  important  constituent  of  the 
rock. 

At  the  edge  of  this  band  a  homblende-epidote-rock,  which 
shows  no  clear  foliation,  varies  in  thickness  from  two  inches  to 
a  foot.  Six  or  seven  yards  from  the  limestone  the  common  red 
gneiss  of  the  adjacent  country  comes  in,  showing  subparallel 
quartz-streaks.  The  ground  between  this  gneiss  and  the  horn- 
blende-epidote-rock    is    occupied    by    material   intermediate    in 

♦  This  is  the  long  nanow  loch  east  of  Loch  nam  Buainichean. 
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character  between  these  two  types,  showing  fewer  quartz- 
streaks  than  the  red  gneiss  but  a  good  many  lenticles  rich  in 
hornblende  and  epidote. 

Bad  an  Sgalaig. — The  limestone  which  runs  north- 
westwards from  a  point  300  yards  south-west  of  the  outlet  of 
Loch  Bad  an  Sgalaig,  along  the  north-east  side  of  a  thick  horn- 
blende-schist, is  usually  mixed  with  calcareous  chloritic  schist 
and  quartz-magnetite-schist,  and  in  this  mingled  condition  forms 
a  zone  which  can  be  followed  for  three  miles,  though  for  not 
much  more  than  half  this  distance  are  the  outcrops  oi  limestone 
sufficiently  thick  to  be  mapped.  This  failure  may  be  accounted 
for  partly  by  folding,  partly  by  faulting,  and  partly  by  variation 
in  the  original  character  of  the  rock.  Flinty  crush-rocks  run 
along  the  zone  for  considerable  distances. 

Limestone  in  thin  bands  and  streaks  mixed  with  chloritic 
schist  is  exposed  in  the  burn  700  yards  east  of  Kerrysdale,  but 
has  only  been  seen  in  two  places  further  north- we«t.  Along  the 
strike  in  a  south-easterly  direction  it  is  more  often  visible,  the 
positions  in  which  it  seems  the  thickest  being  now  at  one  side  of 
the  chlorite-schist  and  now  at  the  other.  About  a  quarter  of  a 
mile  west  of  the  outlet  of  Loch  Bad  an  Sgalaig  a  limestone  out- 
crop has  a  width  of  two  or  three  yards,  and  this  is  perhaps  as  wide 
as  any. 

C  o  p  p  e  r-b  earing  Limeston  e. — On  the  south  side  of 
the  old  road,  nearly  a  mile  and  300  yards  south-east  of  Kerrys- 
dale, a  much  contorted  brown-weathering  limestone  crops  out. 
It  is  mixed  with  talcose  istreaks  and  siliceous  layers  which  contain 
a  good  deal  of  pyrite  and  some  chalcopjTite.  Its  apparent  thick- 
ness is  ten  feet,  but  the  calcareous  portions  of  the  band  are 
probably  less  in  amount  than  those  of  the  other  constituents 
taken  together.  None  of  the  pyritous  layers  exceeds  two  or 
three  inches  in  thickness.  *. 

An  A  r  d  and  Kerry  G  1  e  n. — Outcrops  of  limestone, 
generally  of  an  impure  character,  have  been  observed  at  various 
places  between  Gairloch  and  Dubh  Loch.  Most  of  these  lie  a 
little  south-west  of  the  mica-schists  supposed  to  be  of  sedimentary 
origin,  and  they  are  bounded  by  augen-schists  which  probably 
represent  vsheared  forms  of  augen-gneiss. 

On  the  south  side  of  the  bay  south  of  An  Ard 
two  calcareous  bands  can  be  seen,  each  about  four 
feet  thick,  while  a  third,  about  two  feet,  appears  twenty 
yards  to  the  south-west  of  the.se.  The  two-foot  band  is  repre- 
sented again  on  either  side  of  An  Ard.  It  always  ha,s  the  augen- 
schist  on  both  sides,  and  itself  contains  some  small  eyes. 

The  gorge  of  the  Kerry,  180  yards  above  the  foot  of  the  river, 
exposes  a  limestone,  two  fek  thick,  50  yards  south-west 
of  the  mica-schists.  On  the  north-east  side  the  augen-schist 
appears,  and  on  the  south-west  honiblende-schist  with  augen- 
schist  beyond.  Less  pure  calcareous  bands  also  occur  close  to 
the  edge  of  the  mica-schists,  likewise  on  the  south  side  of  Loch 
Keriy. 
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At  the  side  of  the  new  road  between  Kerrysdale  and  Loch  Bad 
an  Sgalaig  several  calcareous  bands,  which  may  be  seen  a  little 
south-west  of  the  junction  of  the  mica-schists  and  the  augen- 
schists,  all  contain  much  mica,  some  of  them  consisting  chiefly 
of  mica,  or  of  chlorite,  with  actinolite  in  feathery  forms.  A 
specimen  (4348)  examined  in  a  thin  slice  under  the  microscope 
is  found  to  consist  essentially  of  granulitic  quaitz,  brown  mica, 
and  calcite.  The  calcite  grains  interlock  with  those  of  the 
granulitic  constituents. 

b.  Area  Nort  h-E  ast  of  Loch  Maree  — 
L  e  1 1  e  r  e  w  e. — The  Letterewe  limestone  is  the  best  known  of 
the  limestones*,  and  perhaps  also  the  thickest.  On  the  west  side 
of  the  burn  200  yards  north-west  of  the  ruined  house  of  Folais  it 
was  formerly  extensively  quarried,  and  a  tramway  descended 
from  the  quarry  to  the  shore  of  Loch  Maree.  The  limestone  with 
the  calcareous  beds  that  accompany  it  appears  repeatedly  in  the 
bum  north  of  the  quany  for  about  700  yards,  the  exposures 
being  separated  by  outcrops  of  finely  foliated  hornblende-schist 
which  closely  resembles  that  of  Beinn  Lair.  Here  the  rocks 
occupy  the  apex  of  a  compound  syncline,  the  axial  planes  of 
which  strike  north-west.  In  some  of  the  exposures  the  thickness 
is  about  20  feet.  South-east  of  Folais,  in  the  south-western 
limb  of  the  syncline,  the  limestone  and  calcareous  beds  can  be 
traced  nearly  three  miles.  Yet  they  form  here  only  a  thin  out- 
crop, and  they  are  much  interrupted  at  the  south-east  end  by 
lines  of  movement.  From  the  outcrop  in  the  bum  two-thirds 
of  a  mile  north  of  Folais  the  horizon  continues  nearly  a  mile 
south-east  along  the  north-east  limb  of  the  syncline,  but  the 
sections  are  poor. 

The  limestone  of  the  quarry  is  com])act  and  creamy  and 
contains  lumps  of  green  actinolite.  Some  bands  in  it  include 
more  biotite,  chlorite,  and  hornblende  than  carbonate,  and 
display  also  thin  streaks  of  white  talc  ( ?).  Some  of  the  actinolite 
lumps  are  two  or  three  inches  in  diameter,  and  all  have  smooth 
rounded  surfaces,  coated  with  flakes  of  biotite,  chlorite,  or  white 
mica.  In  cross  section  some  of  them  show  centres  from  which 
the  actinolite  crystals  have  grown  out  in  diverging  rays,  while 
many  others  are  broken  by  small  faults. 

A  soft  greenish  rock,  which  appears  to  be  a  calcareous  mylonite 
in  a  line  of  movement,  is  seen  between  the  thick  limestone  and 
the  hornblende-schist  on  the  ea.^t  side  of  the  burn  near  the  tram- 
way end.  It  traverses  contorted  bands  of  the  ma,ssive  limestone. 
It  is  finely  striped,  and  the  lono;  axes  of  included  fragments  of 
other  material  are  parallel  to  the  banding.  Its  inclusions  consist 
of  eye-shaped  lumjis  of  limestone,  rounded  pieces  of  actinolite 
fibres  (like  those  in  the  thick  limestone),  and  of  quartz- 
tourmaline  vein-stuft',  together  with  scattered  prisms  of 
tourmaline. 

*  It  is  indicated  in  MaccuUoch's  Geologiail  Map  of  Scotland,  and  described 
by  Sir  R.  I.  Murchison  and  Sir  A.  Geikie  in  their  paper  **0n  the  Altered 
Rocks  of  the  Western  Islands  of  Scotland,  and  the  North-Westem  and 
Central  Highlands,"  Quart,  Joum,  Geol,  Soc.^  vol.  xvii.,  p.  171. 
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All  the  impure  calcareous  rocks  which  accompany  the  thick 
limestone  seem  to  be  mylonised,  but  they  are  not  all  of  the  type 
of  the  green  rock  just  described.  The  mylonised  rock  close  to 
the  north  edge  of  the  calcareous  zone  in  the  burn  two-thirds  of  a 
mile  slightly  west  of  north  of  Folais  includes  many  small  pieces 
of  finely  foliated  hornblende-schist  resembling  the  hornblende- 
schist  a  little  higher  up  the  burn.  Other  contorted  strips  of 
similar  schist  also  appear,  varying  in  length  from  a  few  inches 
to  a  few  yards,  the  ends  of  which  are  cut  sharply  by  the  fine 
laminae  of  the  matrix.  At  this  locality  no  lumps  of  radiate 
actinolite  were  observed.  The  lenticles  and  pieces  of  horn- 
blende-schist are  most  abundant  close  to  the  thick  hornblende- 
schist  which  bounds  the  mylonised  rock.  Hence  it  is  probable 
that  the  finely  foliated  hornblende-schists  which  adjoin  the 
mylonised  rock  have  contributed  material  towards  its  formation. 
Tne  line  of  junction  between  the  two  is  in  many  places  a  crush 
line,  at  the  side  of  which  the  foliation  planes  of  the  hornblende- 
schist  have  been  tmncated.  In  the  bum  two-thirds  of  a  mile 
slightly  west  of  north  of  Folais,  besides  the  pieces  of  hornblende- 
schist,  fragments  of  a  slightly  calcareous  dark-grey  micarschist, 
very  rich  in  biotite,  appear  in  the  crushed  material.  These 
become  more  numerous  a  little  further  away  from  the  horn- 
blende-schist, and  sometimes  form  thin  strips  two  or  three  feet 
long  and  several  inches  broad.  A  little  lower  down,  the  section 
exposes  a  calcareous  mylonised  rock  with  broken  pieces  of 
epidote,  and  trains  of  minute  granules  of  that  mineral  which 
sometimes  wind  round  the  larger  epidotes.  In  a  thin  slice 
prepared  from  a  specimen  of  the  rock  (442())  one  of  the  longer 
prismatic  e])itloteis  is  broken  across  and  faulted,  but  without  any 
indication  of  crushing  later  than  the  formation  of  the  matrix. 
This  matrix  is  itself  a  crush-rock,  and  the  epidote  has  evidentlv 
been  broken  during  the  progress  of  the  cnishing.  Many  of  the 
epidotes  contain  inclusions  and  bays  of  water-clear  granules  of 
larger  size  than  most  of  those  in  the  matrix,  and  these  granules 
have  perhaps  been  prot(x^ted  from  the  mylonising  movements  by 
the  epidote  around  them.  The  mylonise<l  matrix  is  fine-grained, 
and  seems  fo  consist  largely  of  minute  scales  of  mica  and  of 
microcryslalline  quartz  and  felspar. 

The  calcareous  zone  continues  to  be  traceable  for  some  distance 
in  a  more  or  less  mylonised  condition  in  both  the  large  limbs  of 
the  syncline.  Some  of  the  interruptions  in  its  course,  and  its 
cessation  in  the  south-east  poriions  of  the  limbs,  mav  be 
attributable  to  lines  of  movement.  The  limestone  as  exposed  in 
the  south-west  limb  of  the  fold  about  700  yards  N.N.E.  of 
Coppachy  contains  small  flakes  of  colourless  mica,  streaks  of  a 
greenish-grey  serpentinous  substance,  and  some  lirick-red  band^ 
coloured  by  small  specks  of  ferrite,  which  are  sometimes  arranged 
in  a  kind  of  network.  Thin  slices  of  these  ])an(ls  examined  by 
Dr.  G.  J.  Hinde  were  not  considered  by  him  to  ])e  of  oro^anic 
origin.  On  either  side  of  the  limestone,  and  partly  folded  with 
it,  a  ma-ssive  gneissose  rock  appears  which  contains  a  good  deal 
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of  hornblende,  aiid  about  two- thirds  of  a  mile  east  of  Inishglass 
includes  calcareous  bands  near  the  limestone. 

A  limestone,  cryptocrystalline  and  pyritous  in  places,  and 
accompanied  by  calcareous  biotite-schists,  is  exposed  at  several 
places  near  hornblende-schist  close  to  Regoilachy  and  also  about 
a  third  of  a  mile  W.N.W.  of  Smiorasair.  Most  of  its  outcrops 
are  mere  lenticles,  but  near  the  last-named  exposure  the  limestone 
can  be  traced  for  a  quarter  of  a  mile  through  several  sharp  folds. 
The  accompanyin<r  calcareous  schists  contain  larger  flakes  of 
biotite  than  the  mica-schists. 

Gleann  Tulach  a. — Although  the  Gleann  Tulacha  and 
the  Letterewe  limestones  may  possibly  represent  the  same  bed 
in  different  limbs  of  fold,  they  nevertheless  differ  considerably 
in  apj)earance.  Most  of  their  differences  may  not  improbably 
be  due  to  the  amount  of  deformation  which  the  Letterewe  lime- 
stone has  undergone.  A  good  exjiosure  of  the  Gleann  Tulacha 
limestone  may  be  seen  on  the  hillside  rather  less  than  a  mile 
W.N.W.  of  the  head  of  Lochan  Fada.  The  fresh  rock  is  there 
almost  pure  white  on  a  fresh  fracture,  but  the  weathered  surface 
has  a  brownish  hue  and  is  crowded  with  projecting  fibres  of  pale- 
green  tremolite,  arranged  in  fan  or  radiate  forms.  Individual 
fibres  of  the  mineral  penetrate  far  into  the  substance  of  the 
matrix  and  show  no  signs  of  crushing.  Those  of  longest 
dimensions  lie  in  parallel  planes  and  give  rise  to  a  banded  appear- 
ance. In  a  thin  slice  prepared  from  a  specimen  of  the  rock 
(4417)  a  few  pieces  of  a  biaxial  untwinned  mineral,  probably 
felspar,  are  disclosed  by  the  microscope.  About  300  yards 
W.N.W.  of  the  good  section  near  Lochan  Fada,  above  refeiTed 
to,  a  boulder  of  limestone  has  been  observed  to  be  crowded  with 
prisms  of  pale-green  augite,  but  this  mineral  has  not  been 
observed  in  the  limestone  in  situ. 

Lower  down  the  glen  ssiniilar  limestone  crops  out  near  bands 
of  a  contorted  pale-pink,  quart zite- like  rock,  which  shows  on  its 
foliation-planes  a  good  deal  of  mica  and  small  eyes  of  felspar. 
A  specimen  (4420)  of  the  pink  rock  was  found  to  consist  of 
irregular  fragments  of  felspar  (microcliiie  in  part) ,  imbedded  in 
a  mylonised  matrix  of  (quartz  and  felspar,  with  carbonates  and 
white  mica  as  accessories.  The  parent  rock  may  possibly  have 
been  a  gneiss,  like  ])arts  of  the  nx^k  which  appears  on  the  north- 
east side  of  the  glen.  Xear  the  head  of  Gleann  Tulacha  several 
other  outcrops  of  limestone  have  been  noticed.  One  of  these, 
about  half  a  mile  slightly  east  of  north  of  ]3einn  Lair,  is  five  or 
six  yards  wide,  and  has  a  garnet-actinolite-mica-vschist  on  its 
southern  side.  The  north  side  is  probably  flanked  by  a  little 
graphite-schist  followed  successively  by  (1)  actinolite-mica- 
schist,  (2)  the  mylonised  pink  rock,  and  (5)  the  gneiss. 

On  the  north-east  side  of  Meall  Mheinnidh  four  bands  of  lime- 
stone or  calcareous  rock  can  be  observed  within  100  yards  of  the 
Beinn  Lair  hornblende-schist.  The  two  highest  bands  belong 
to  one  bed  repeated  by  a  crush  that  runs  nearly  parallel  to  the 
strike :  the  bottom  band  contains  streaks  and  lenticles  of  marble 
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imbedded  in  a  chloritic  or  micaceous  schist  which  overlies  gneiss. 
Along  the  north  margin  of  the  hornblende-schist  of  Beinn  Airidh 
a'  Char  the  limestone  appears  at  intervals,  near  Strathanmore 
and  in  a  burn  W.N.W.  of  the  top  of  that  hill.  In  one  of  the 
exposures  in  that  stream  the  limestone  contains  reddish  streaks 
and  patches  (3471)  which  owe  their  colour  to  the  presence  of  an 
abundance  of  beautiful  crystals  of  yellowish-brown  rutile.  A 
plagioclase  felspar  and  quartz  are  also  present. 

About  50  yards  north-east  of  the  junction  of  the  burns  one 
mile  north  of  Ardlair,  an  old  quarry  supplies  an  exposure  of  the 
limestone,  which  is  there  mottled  green  and  pink,  and  includes 
calcite,  tremolite,  phlogopite,  haematite,  and  chlorite.  The 
mica-plates  have  often  been  bent  and  twisted,  and  the  other 
minerals  show  signs  of  mechanical  disturbance.  On  the  line  of 
strike  150  yards  to  the  south-east  the  limestone  is  again  visible 
as  an  almost  pure  white  saccharoid  dolomite,  bounded  on  the 
north-east  by  hornblende-schist  which  seems  brought  against  it 
along  a  line  of  fault.  An  analysis  (see  p.  82)  shows  it  to 
contain  over  96  per  cent,  of  mixed  carbonates  of  lime  and 
magnesia.  In  the  stream  to  the  southward  the  lime- 
stone may  be  noticed  in  four  or  five  places  about  half 
a  mile  south-east  of  the  junction  of  the  burns,  but  owing 
to  folds  and  crushes  no  continuous  section  can  be  seen.  The 
highest  outcrop,  more  than  half  a  mile  from  the  foot  of  the  burn, 
consists  of  a  compact,  banded,  white  and  dark-grey  limestone, 
composed  of  carbonates  and  chlorite,  with  here  and  there  a  grain 
of  plagioclase  intergrown  with  the  carbonate,  and  some  micro- 
ciystalline  aggregates  of  quartz.  An  analysis  of  the  calcareous 
portion  of  a  specimen  (5480)  shows  it  to  contain  not  much  more 
than  one-half  a.s  much  magnesia  as  the  specimen  last  referred  to. 
The  banding  in  the  rock,  strongly  suggestive  of  stratification,  is 
due  to  the  concentration  of  silica  along  certain  lines.  The 
original  rock  was  probably  a  clierty  carbonate. 

A  quarry  has  been  opened  to  the  west  of  Am  Marcach,  near 
Loch  Maree.  in  a  light-coloured  micaceous  and  siliceous  dolomite, 
west  of  which  the  limestone,  bending  shari)ly  round,  trends 
S.S.E.  It  has  a  high  dip  towards  AV.S.AV.,  and  is  in  some  places 
vertical.  Xearlv  half  a  mile  AV.X.AV.  of  the  Ordnance  station  on 
Am  Marcach  a  lenticle  of  limestone  may  be  seen  by  the  side  of 
Loch  Maree  in  what  seems  to  be  a  crush-lino  parallel  to  the  loch. 

Loch  G  a  r  b  h  a  i  g. — With  an  aclinolite  mica-schist  exposed 
in  a  burn  rather  more  than  a  third  of  a  mile  E.X.E.  of  Loch 
Garbhaig  we  see  a  band  of  limestone,  one  or  two  feet  thick, 
which  contains  in  certain  layers  many  small  ])ink  idiomorphic 
garnets  and  also  small  flakes  of  brown  mica.  These  garnetiferous 
seams  weather  in  retreat  from  the  paler  parts  of  the  rock,  some  of 
which  are  mixed  with  thin  streaks  of  grannlitic  (juartz  (4795). 

I  n  i  s  h  g  1  a  s  s. — On  the  south-west  .side  of  the  thick  honi- 
blende-schist  a  quarter  of  a  mile  slightly  cast  of  north  of  Inish- 
glass,  and  in  some  other  places  along  the  same  strike,  a  dark- 
brown  or  almost  black  limestone  with  clustered  fibres  of  horn- 
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blende  is  exposed.  The  hornblende  is  pale-brown  macro- 
scopicallv,  but  colourless  in  thin  slices  (4799  and  4800),  and 
repeatedly  twinned.  Most  of  the  rock  is  crowded  with  black 
amorphous  grains  distributed  irregularly. 

(8)  Calcareous  Biotite-horMende'Schists.  —  Many  of  the 
limestones  are  immediately  flanked  by  calcareous  schists 
or  gneisses,  in  which  biotite,  or  a  green  mica,  and  horn- 
blende (seldom  radiate)  occur  in  abundance.  Thus,  a  wide 
band,  which  is  poor  in  hornblende,  appears  near  the  limestone 
in  the  woods  a  quarter,  and  two-thirds,  of  a  mile  E.S.E.  of 
Shieldaig,  Gairloch.  The  calcareous-schist  and  the  limestone 
together  moke  in  one  place  an  outcrop  not  less  than  130  yards 
wide,  but  the  schists  are  not  well  exposed.  Again,  about  a  third 
of  a  mile  E.S.E.  of  Folais,  north-east  of  Loch  Maree,  60  or  70 
yards  north-east  of  the  Folais  calcareous  horizon,  a  calcareous 
biotite-hornblende-gneiss  shows  a  somewhat  acid  gneiss  on  both 
sides. 

Bands  of  somewhat  massive  biotite-hornblende-gneiss,  with  a 
considerable  proportion  of  dark  hornblende,  may  be  seen  in,  and 
near,  a  limestone  a  quarter  of  a  mile  south-east  of  Lochan  Druim 
na  Fearna  (two  and  a  quarter  milcvS  south-east  of  Shieldaig, 
Gairloch),  also  in  a  band  about  ten  yards  wide  in  the  middle  of 
the  limestone  near  Am  Feur  Loch,  and  again  on  the  sides  of  the 
limestone  a  mile  and  a  half  south-east  of  the  outlet  of  Loch  Bad 
an  Sgalaig.  The  band  at  the  south-west  side  of  the  limestone,  a 
quarter  of  a  mile  south-east  of  Lochan  Druim  na  Fearna,  con- 
tains augen  comT)osed  of  quai-tz  and  felspar.  In  most  parts  of  the 
band  near  Am  Feur  Loch  hornblende  is  in  excess  of  biotite,  but 
there  are  some  layers,  as  much  as  a  foot  thick,  which  seem  to  be 
made  up  almost  wholly  of  biotite. 

(9)  Kyanite  Gneiss. — Three  bands  of  kyanite  gneiss  with  a 
north-west  strike  have  been  noticed  near  Carnmore  (four  miles 
N.N.E.  of  Letterewe),  one  about  half  a  mile  east,  another  two- 
thirds  of  a  mile  north-west,  and  a  third  nearly  a  third  of  a  mile 
slightly  west  of  north  of  the  old  house.  These  are  of  special 
interest,  inasmuch  as  they  all  lie  more  than  a  mile  and  a  half 
north-east  of  the  strike  of  the  nearest  rocks  which  have  been 
mapped  as  altered  sediments. 

The  band  east  of  the  old  house,  which  has  been  traced  for  a 
quarter  of  a  mile,  varies  in  thickness  from  IG  to  30  feet  and  dips 
N.N.E.  at  about  450,  \^^^^\^  j^^  ^jj^,^  being  well-defined.  The 
rock  is  mostly  pale-crrey  and  rather  coarser  than  the  contiguous 
gneiss  which  is  reddish  with  subparallel  streaks  of  white  quai-tz. 
In  the  landscaj)e,  however,  the  kyanite  gneiss  appears  darker 
than  the  adjacent  gneiss.  Near  the  margin  of  the  reddish 
gneiss  the  dip  of  its  foliation  is  the  same  as  that  of  the  kyanite- 
gneiss,  but  further  off  it  becomes  more  irregular  and  often  almost 
flat.  There  are  also  various  thrust-like  lines,  hading  north- 
east, within  the  reddish  gneiss,  which  suggest  that  the  kyanite- 
bearing  rock  occurs  along  a  line  of  movement.  The  kyanite 
crj'stals,  sometimes  two  inches  long,  usually  project  from  the 
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weathered  face  of  the  rock.  Their  long  axes  and  the  flat  sides 
of  the  biotite  flakes  lie  rudely  parallel  to  the  sides  of  the  gneiss. 
One  type  of  the  rock  contains  little  else  than  kyanite  and  biotite, 
the  latter  in  large  crumpled  plates  sometimes  half  an  inch  lon^, 
together  with  occasional  quartz- veins  which  include  kyanite  in 
somewhat  larger  crystals  than  usual.  In  the  more  common  type 
of  the  rock  quartz  is  abundant,  and  felspar  has  also  been  obsei'ved 
in  the  thin  slices  examined  under  the  microscope. 

(10)    Cummingtonite    Garnet-schist. — On    the    south-west    side 
of  a  mica-schist,  about  700  yards  south-west  of  the  outlet  of  Loch 
Bad  an  Sgalaig,  in  the  Gairloch  area,  a  rock  which  strikes  north- 
west consists  mainly  of  subparallel  white  threads  of  a  fibrous  horn- 
blende (cummingtonite)  enclosing  small  garnets.     The  band  is 
several  yards  wide,  but  cannot  be  traced  far.     A  bulk  analysis 
of  it  gives  as  much  as  7  per  cent,  of  manganese  oxide,  and  the 
analyses*  of  the  iwo  chief  minerals — the  garnet  (spessartite)  and 
the  cummingtonite — show  manganese  oxide  in  both.     The  rock 
may  perhaps  be  regarded  as  an  altered  manganiferous  sediment. 
(Jl)  Ghlorite-schists. — An    impure   calcareous    band    in    which 
chlorite  is  abundant  is  seen  300  yards  E.S.E.  of  Auchtercairn 
(one  mile  and  a  quarter  X.N.W.  of  Gairloch),  where  it  forms  a 
depression,  twenty  or  thirty  yards  broad,  between  bands  of  horn- 
blende-schist or  hornblende-chlorite-schist.     It  is  a  soft  shivery 
schist,  weathering  with  a  yellow  colour,  and  showing  rods  of 
vein-quartz  with  their  long  axes  parallel.     Chloritic  schist  is 
likewise  to  be  seen  on  the  south-west  side  of  the  broad  mica- 
schist    which    passes   from    the    wood    near    Flowerdale    House 
(Gairloch)  to  Loch  Bad  an  Sgalaig.     It  is  occasionally  accom- 
panied by  limestone,  quartz-niagnetite-schist,  or  by  both  these 
rocks.     This  band  attains  a  maximum  breadth  of  50  yards,  but 
is  usually  less,   and   sometimes  disap])ears.        In   a   few   places 
certain    bands    seem    to    consist    almost    entirely    of    chlorite. 
Examples  of  this  tyj)e  may  be  seen  a  quarter  of  a  mile  south-east 
of  Furnes  (Loch  Maree);    in  the  burn  by  the  road  about  a  mile 
north  of  Folais  ;  at  the  edge  of  the  hornblende-schist  about  1500 
yards  slightly  south  of  exxsi  of  Strathanmore :    and  in  tlie  more 
easterly  of  the  two  bums  three-quarters  of  a  mile  X.X.E.  of  Isle 
Maree. 

(12)  Hornldcyule  -  scliist  and  Ilornhhwle  -  chlcmfe-  schUt, — 
The  thick  bands  of  hornblende-schist  which  appear  at  the  sides 
of,  or  within,  the  altered  sediments  form  the  most  rugg'ed  scenery 
in  the  district,  as  exemplified  in  Beinn  Lair,  Beinn  Airidh 
a'  Char,  An  Groban,  Sithean  Mor  (a  mile  and  a  half 
south-east  of  Gairloch),  and  in  the  wooded  ridges  and 
slopes  near  Flowerdale  House  and  Gairloch  Bridge.  These 
bands  collectively  occu])y  an  area  which  considerably  exceeds 
that  of  the  altered  sediments.  In  that  part  of  Gairloch  which 
lies  south  of  the  Strath  and  Poolewe  road,  the  two  series  of  rm^k.- 

*  For  these  .nnalyses  and  for  a  description  of  the  microscopic  characters  of 
the  rock,  see  p.  8il 
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are  not  unequally  divided,  but  north  of  that  road  the  sediments 
are  almost  entirely  covered  by  the  ToiTidonian  rocks,  while  the 
harder  and  more  prominent  hornblende- schist  which  rose  into 
hills  even  in  pre-lorridon  times  has  been  laid  bare  by  denuda- 
tion, so  as  to  protrude  through  the  sandstones  in  several  areas, 
one  of  which,  including  Cnoc  Broao  (five  and  a  quarter  miles 
north-west  of  Poolewe)  and  Moall  Imireach  (four  miles  W.N.W. 
of  Poolewe),  is  more  than  three  miles  long  and  averages  more 
than  three-quarters  of  a  mile  broad.  In  the  extreme  south  of 
Gairloch  also,  inliers  of  hornblende-schist  form  prominent  features 
some  miles  from  the  nearest  exposures  of  the  altered  sediments, 
though  the  latter  may  possibly  lie  hidden  under  the  cover  of 
Torridon  Sandstone. 

The  general  distribution  of  these  bands  of  hornblende-schist 
can  best  be  understood  from  the  maps  (Sheets  91  and  92). 

In  Gairloch  the  most  prominent  of  them  is  that  of  An 
Groban-Sithean  Mor,  which  is  sometimes  half  a  mile  broad, 
and  forms  the  noiih-eastern  margin  of  the  main  sedimentary 
area,  though  a  few  thin  actinolite-mica-schists  appear  on  ite 
north-east  side.  The  thick  parallel  bands  of  hornblende-schist 
which  lie  further  south-west  vaiy  in  number  and  breadth,  but 
become  fewer,  though  broader  individually,  in  a  north-west 
direction.  A  quarter  of  a  mile  west  of  Loch  Bad  an  Sgalaig  four 
of  these  parallel  bands  may  be  seen,  while  near  Kerrysdale  there 
are  two  bands  averaging  each  200  yards  in  breadth.  On  the 
north-east  side  of  the  Flowerdale  Glen  fault  there  is  only  one 
parallel  band,  but  this  is  about  half  a  mile  wide,  and  gradually 
approaches  the  An  Oroban  outcrop  in  a  north-westerly  direction 
till  in  the  Meall  Imireach  inlier  they  coalesce,  the  mica-schist 
between  them  having  meanwhile  wedged  out.  It  may  be  sur- 
mised that  all  these  outcro])s  may  really  be  j)ortions  of  only  one 
band  which  hivs  been  repeated  by  folding.  If  this  be  the  true 
structure  of  the  ground  the  north-eastern  margin  of  the  most 
feavSterly  hornblende-schist  at  Kenysdale  will  correspond  to  the 
south-west  mar<>in  of  the  Sithean  Mor  hornblende-schist.  The 
sediments  are  not  the  same  at  earh  of  these  margins,  but  this 
might  l>e  accounted  for  on  the  supposition  that  the  igneous  rock 
from  which  the  hornblende-schist  was  formed  was  transgressive. 

In  the  area  to  the  noiih-east  of  Loch  Maree  the  most  prominent 
band  of  hornblende-schist  of  the  whole  district  rises  into  the 
rugged  mountainous  masses  of  Beinn  Lair  and  Beinn  Airidh  a' 
Char.  It  stretches  for  eight  miles  from  north-west  to  south-east, 
and  mounts  up  to  a  height  of  2817  feet.  The  breadth  of  this  huge 
mass  on  Beinn  Lair  is  about  a  mile,  but  other  outcrops  of  similar 
schist  on  its  south-westeni  side  are  only  separated  from  it  by  thin 
strips  of  altered  sediments.  On  Beinn  Airidh  a'  Char  one  may 
walk  almost  entirely  on  hornbh^nde-schist  across  the  usual  strike 
for  a  distance  of  about  two  miles.  In  doing  so  one  crasses  the 
limbs  of  a  s^niclinorium  with  axial  planes  striking  north-west. 
Hence  the  base  of  the  band  changes  its  course  on  the  north-west 
side  of  Beinn  Airidh  a'  Char,  and  curves  southwards  to  Loch 
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Maree,  while  the  hornblende-schists  on  the  south-east  slope  of 
this  hill  are  repeatedly  folded  with  a  band  of  mica-schist.  Near 
Folais  a  broad  outcrop  of  hornblende-schist  which  lies  betweeai 
the  mica-schist  just  alluded  to  and  the  limestone  and  calcareous 
rocks  is  also  folded  by  the  syncline  and  disrupted  along  its  edge 
by  my  Ionising  movements. 

The  inlier  of  Lewisian  rocks  on  the  eastern  shoulder  of  Slioch 
is  mainly  composed  of  hornblende-schist,  which  is  no  doubt  an 
extension,  in  a  south-eastern  direction,  of  the  Beinn  Lair  schist. 

There  can  be  little  doubt  that  the  hornblende-schists  now  under 
consideration  were  originally  intrusive  igneous  rocks.  Portions  of 
them  resemble  the  sheared  basic  dykes.  Their  general  uni- 
fomity  of  composition  and  texture  and  the  rarity  of  inclusions  in 
them  which  can  be  regarded  as  detached  fragments  of  other 
rocks,  or  distorted  amygdules,  are  hardly  consistent  with  the 
supposition  that  they  are  altered  contemporaneous  lavas,  but,  on 
the  other  hand,  they  have  nowhere  been  observed  to  transgress 
the  sediments  in  any  clear  section.  In  general  they  are  more 
finely  foliated  than  most  of  the  dykes,  either  near  them  or  else- 
where. At  various  places  their  margins  can  be  traced  for  dis- 
tances, varying  from  one  to  three  miles,  parallel  to  certain  beds 
in  the  series  of  altered  sediments.  Thus,  between  Flowerdale 
and  Loch  Bad  an  Sgalaig  the  margin  of  one  of  these  bands  keeps 
to  the  horizon  of  the  quartz-magnetite-schist  and  limestone  for 
about  three  miles.  Between  Letterewe  and  Regoilachy  (Loch 
Maree)  another  band  continues  near  a  hard  siliceous  mica-schist 
for  nearly  a  mile.  A  similar  want  of  evidence  of  intrusion  is, 
however,  found  at  the  sides  of  various  thin  bands  of  hornblende- 
schist,  which  are  regarded  as  dykes  whicli  liavo  been  sheared  and 
dragged  in  an  unusually  intense  degree. 

It  is  improbable  that  these  hornblende-schists  can  be  older 
than  the  basic  dykes  in  the  gneisses  of  the  Fundamental  Complex, 
for  they  are  never  intersected  by  these  dykes,  even  in  ])laces 
where  the  adjoining  gneiss  is  repeatedly  traversed  by  them. 
Perhaps  these  hornblende-schists  represent  intrusions  which  were 
fed  by  dykes.  Before  the  shearing  of  the  dykes  into  schists,  the 
gneiss  probably  contained  few  divisional  planes  compared  with 
the  bedding  planes  of  the  sediments,  and  a  mass  of  molten  rock 
which  had  come  up  almost  vertically  through  fissures  in  the 
massive  gneiss  might  perhaps,  on  reaching  the  sediments,  find 
more  ready  passage  between  the  planes  of  stratification  and  take 
the  form  of  sills.  Xo  clear  union  of  a  basic  dyke  with  any  of 
the  thick  hornblende-schists  has  been  seen,  but  in  a  good  many 
places  the  margins  of  these  schist-bands  are  lines  of  powerful 
movement,  which  may  partly  explain  the  want  of  parallelism* 
occasionally  observed  between  these  bands  and  the  neighbouring 
dykes. 

The  most  common  type  among  the  hornblende-schists 
associated  with  the  altered  sediments  is  a  very  finely  foliated 
dark-green    schist,    in    which    the    crystals    of    hornblende    are 

See  p.  210. 
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needle-like  and  so  minute  that  they  can  hardly  be  distinguished 
by  the  unaided  eye.  These  crjstafs  lie  on  the  parallel  planes  of 
foliation,  but  their  orientation  is  variable,  though  it  is  usually  in 
one  direction — that  of  .stretching.  This  is  the  tyi)e  of  rock  which 
was  described  by  Dr.  Hicks  and  Mr  T.  Davies  from  the  Falls  of 
the  Kerry*.  Thin  layers  of  different  colours  usually  lie  parallel 
to  the  foliation,  some  being  almost  black,  others  darK-green,  and 
others  a  dirty  white.  In  many  places  these  layers  are  sharply 
folded  or  broken  by  numbers  of  thin  thrust -like  lines.  The 
thin  slide  (3746),  prepared  from  a  finely  foliated  hornblende- 
schist  on  the  north-east  side  of  Loch  Bad  an  Sgalaig,  shows  under 
the  microscope  that  the  rock  consists  of  green  hornblende, 
felspar  in  allot riomorphic  and  mostly  water-clear  grains,  epidote, 
calcite,  and  a  few  grains  of  sphene.  A  few  thin  lenticular  folia 
are  composed  solely  of  granulitic  felspar  {?  albite)  and  idio- 
morphic  epidote. 

It  is  not  clear  why  the  most  finely  foliated  type  should  also 
show  the  best  banding.  There  may  have  been  more  segregation 
during  the  shearing,  or  th(»  various  bands  may  have  been  derived 
from  parts  which  already  differed  in  general  colour  before  the 
deformation.  On  the  latter  supposition  it  may  be  inferred  that 
the  rock  near  the  interior  of  a  band  was  sometimes  of  a  more 
uniform  character  than  that  at  the  sides. 

In  another  less  common  variety  of  these  schists  no  distinct 
colour- banding  ap])ears.  The*specks  of  white  felspar  have  their 
long  axes  parallel,  and  help  to  define  the  foliation,  but  they  are 
equally  abundant  through  considerable  thicknesses  of  rock. 
This  type,  which  resembles  the  most  common  form  of  schist  in 
the  basic  dykes,  is  well  seen  near  the  middle  of  the  band  on 
Sithean  Mor.  Two  other  varieties  are  commcm  in  certain  areas  ; 
one  coarse  in  grain  and  showing  so  little  foliation  that  it  may  be 
called  epidiorite ;  the  other,  a  shivery  schist,  containing  more 
chlorite  than  hornblende.  The  massive  or  poorly-foliated  type 
has  only  been  noticed  in  that  portion  of  the  An  (iroban-Sithean 
Mor  outcrop  which  lies  cast  of  Loch  Bad  an  Sgalaig.  It  passes 
gradually  into  the  foliated  variety  which  is  without  colour 
banding,  and  forms  one  or  more  zones  near  the  middle  of  the 
band.     One  of  these  zone-;  is  about  70  yards  wide. 

Near  Kerrysdale  chloritic  schists  occur  on  both  sides  of  the  more 
north-westerly  of  the  two  hornl)]ende-scliists.  Further  to  the 
north-west  the  l)road  band  of  hornblende- schist  at  Auchtercairn 
is  mixed  throughout  with  chloritic  schists,  containing  small 
needles  of  hornblende  on  i\\{'  foliation  ])lanes.  These  schists 
merge  into  the  hornblende-schists.  Frequent  sharp  flexures  in 
the  chlorite-schist  show  nearly  vertical  axial  planes,  parallel  to 
which  the  flakes  of  chlorite  are  often  arranged.  Thin  quartz- 
veins,  often  dis])osed  in  folds,  likewise  vsmall  crystals  of  magnetite 
and  calcareous  s})ots  and  streaks,  appear  more  commonly  in  the 
chloritic  than  in  the  hornblendic  schists.  Ihe  chloritic  schists 
usually  effervesce  freely  with  hydrochloric  acid,  even  when  no 

*0p.  cit.,  p.  108. 
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carbonate  can  be  recognised  macroscopically,  and  one  of  tlie 
calcareous  streaks  near  Auchtercairn  is  a  good  limestone.  Near 
Kerrysdale  many  specks  of  ferriferous  carbonate,  about  the  size 
of  peas,  have  been  observed,  with  their  long  axes  parallel  to  the 
foliation  planes  of  the  chlorite-schists :  these  are  not  due  to 
decomposition  near  the  weathered  surface,  but  form  an  essential 
part  of  the  rock.  It  is  doubtful  whether  the  thin  streaks  of 
limestone,  an  inch  or  two  tliick,  occasionally  found  in 
the  hornblende-schists,  represent  segregations  formed  during 
the  shearing  process  and  the  change  of  a  lime  felspar 
into  albite,  or  whether  they  are  relics  of  sedimentary 
beds  incorporated  in  the  igneous  material  during  intru- 
sion or  movement.  Examples  of  these  calcareous  streaks 
may  be  seen  about  700  yards  south-east  of  Gairloch  Bridge,  close 
to  the  north-east  margin  of  the  hornblende-schist,  and  in  a 
schist  on  the  north  side  of  the  path  about  half  a  mile  south-west 
of  Regoilachy,  Loch  Maree. 

The  abundance  of  carbonate  in  the  chloritic  schist  is  perhaps 
due  to  chemical  changes  during  the  alteration  of  hornblende  into 
chlorite,  which  may  have  taken  place  during  renewed  contortion 
after  the  rock  was  already  in  the  form  of  hornblende-schist.  The 
chlorite-schists  are  sharply  contorted,  and  many  of  them  lie  along 
the  margins  of  the  sills  of  hornblende-schist — in  positions  where 
they  would  be  peculiarly  exposed  to  shearing  movements.  That 
the  abundance  of  chlorite  in  the  thick  band  near  Auchtercairn, 
Gairloch,  may  be  due  to  intense  shearing  is  suggested  by  the 
changes  in  structure  along  the  course  of  the  An  Groban-Sithean 
Mor  band,  which  indicate  that  the  shoarin^^  in  this  district 
increased  in  intensity  in  a  north-westerly  din^ction,  as  far  at 
least  as  the  road  between  Strath  and  roolewo. 

The  thick  hornblende-schists  are  in  certain  ])la(es  richly 
garnetiferous,  the  garnets  being  sometimes  bordered  with 
granules  of  white  felspar  like  those  common  in  the  foliated  basic 
dykes. 

In  the  area  lying  to  the  north-east  of  Loch  ^laree 
the  broad  bands  of  hornblende-schist  chiefly  consist  of 
the  finely-foliated  type.  No  ])arts  of  them  have  been  observed  to 
be  free  from  foliation,  ])ut  the  shivery  chloritic  type  is  rarer  here 
than  in  the  Gairloch  area.  Exain])lVs  of  the  h^'ss  finely-foliated 
varieties  occur  in  the  following  places :  on  the  north  side  of  Loch 
Garbhaig,  half  a  mile  X.N.E.  of  this  hx'h,  between  three- 
quarters  of  a  mile,  and  a  mile,  W.S.W.  oi  the  sninmit  of  Beinn 
Airidh  a'  Char,  and  between  the  two  ])nrns  al)oul  TOO  yards 
north-east  of  Am  Marcach.  The  rock  at  the  last-mentioned 
place  is  an  impei-fectly  schistose  e])idote-amphil>oHte.  medium- 
grained,  dark  in  colour,  composed  of  liornblende  and  i^nanular 
aggregates  of  felspar  which  are  often  crowded  witli  small  plains 
and  ciystals  of  epidote  (5491). 

Thin  zones  in  which  the  hornblende  forms  augen  niav  be  seen 
in  the  Beinn  Lair  schist  half  a  mile  slightly  north  of  east  of  the 
foot  of  Loch  Garbhaig,  a  third  of  a  mile  sHghtlv  noith  of  west 
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of  Beinn  Lair,  and  at  other  places.  Here  and  there,  as  in  the 
ice-polished  cscars  on  the  north  side  of  the  road  by  Loch  Bad  an 
Sgalaig,  small  streaks  and  pieces  of  felspar  probably  represent 
granulitised  phenocrysts.  In  the  Beinn  Lair  schist  also  an 
exposure,  by  the  east  side  of  a  small  burn  rather  more  than 
three-quarters  of  a  mile  east  of  the  head  of  Lochan  Fada,  shows  a 
good  many  imperfect  lath-vshaped  sections  of  felspar,  about  half 
an  inch  long. 

In  Beinn  Lair  and  Meall  Mheinnidh  certain  zones  contain 
lenticles  of  a  dirty  white  opaque  substance,  which  may  be  noticed 
at  frequent  intervals  from  about  two-thirds  of  a  mile  east  of 
Strathanmore  to  three-quarters  of  a  mile  S.S.W.  of  the  head  of 
Lochan  Fada.  Perhaps  they  are  best  exposed  200  yards  east  of 
the  path  nearly  two  miles  ]N.N.E.  of  Letterewe  pier,  where  the 
most  northerly  zone  includes  several  bands,  from  one  to  three 
feet  thick,  of  finely-foliated  hornblende-schist  enclosing  the 
white  lenticles  referred  to.  Of  these  lenticles,  which  are  sharply 
defined  and  project  from  the  weathered  faces  of  the  rock,  a  con- 
siderable number  are  more  than  a  foot  long,  while  some  exceed 
three  feet.  Their  long  axes  lie  parallel  with  each  other  and,  in 
these  exposures,  nearly  at  right  angles  to  the  strike  of  foliation, 
although  at  other  places  the  direction  of  elongation  is  different. 
On  the  average,  the  long  axes  are  three  times  as  long  as  the 
widths  along  the  foliation,  and  eight  or  nine  times  as  long  as  the 
width  in  a  direction  at  right  angles  to  the  foliation.  The 
lenticles  are  sometimes  so  crowded  that  they  exceed  in  aggregate 
amount  the  matrix  of  hornblende-schist  which  lies  between 
them,  but  they  are  of  irregular  occurrence,  and  the  different 
horizons  in  which  they  occur  cannot  be  traced  far  without  inter- 
ruption. In  slice  442'5,  prepared  from  one  of  the  lenticles  near 
the  path,  the  only  constituent  definitely  recognisable  is  epidote 
in  short  and  slender  prisms.  The  matrix  is  ahnost  opaque,  and 
the  rock  is  considered  by  ^Ir  Teall  to  be  a  variety  of  saussurite. 
(See  Plate  XXVIII.)  The  schist  containing  the  lenticles  is  not 
crossed  by  many  strain-slips,  and  there  is  no  reason  to  suppase 
that  it  is  more  crushed  than  the  adjoining  schist.  The  lenticles 
are  rare  in  places ;  indeed,  an  isolated  instance  was  recorded  at  a 
distance  of  60  yards  from  any  others — a  mode  of  occurrence 
hardly  exjdicable  on  the  su])position  that  they  have  been  pro- 
duced by  the  breaking  up  of  a  once  continuous  band.  More 
probably  they  represent  concretions  in  the  igneous  rock  before 
its  conversion  into  schist.  They  may  have  been  originally  nearly 
spherical,  and  analogous  to  sphernlites ;  occasionally,  indeed, 
as  at  a  place  one-third  of  a  mile  slightly  east  of  south  of  the  head 
of  Lochan  Fada,  examples  of  them  have  been  noted  which  give 
nearly  circular  sections. 

Many  of  the  thin  quartz  veins  in  the  hornblende-schists  north- 
east of  Loch  Maree  contxiin  tourmaline,  of  a  black  tint,  in 
extremely  thin  needles,  which  are  often  combined  into  sheaves. 
It  usually  forms  only  a  small  proportion  of  each  vein,  tlie  rest 
consisting  of  quartz,  or  of  quartz,   axinite.  and   epidote.     Such 
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veins  are  seen  on  Meall  Mheinnidh,  from  150  yards  north-west  of 
the  hill-top  to  rather  more  than  a  quarter  of  a  mile  south-east, 
also  700  yards  north-east  of  the  big  island  in  Loch  Gurbhaig, 
where  some  of  the  tourmaline  crystals  arc  an  inch  long.  The 
axinite,  which  does  not  possess  good  idiomorphic  outlines,  is  of 
a  pale  yellow,  or  sometimes  of  a  faint  i)ink,  colour,  and  generally 
exceeds  the  touimaline  in  (juantity,  forming  pieces  an  inch  or 
more  in  width.  Again,  m  the  quartz-veins  exposed  three- 
quarters  of  a  mile  south-west  of  Beinn  Lair,  where  large  bundles 
of  thread-like  ciystals  of  tourmaline  occur,  these  are  sharply 
contorted  along  folds  which  have  their  axes  ])laced  almost  at  right 
angles  to  the  general  direction  of  the  threads.  Such  indications 
of  movement  after  the  formation  of  the  tourmaline  prepare  us  to 
find  the  broken  bits  of  tourmaline  vein-stuff  which  occur  in  the 
Folais  mvlonised  rocks*.  The  orcurrence  of  rounded  pieces  of 
finelv-f ol lated  hornblende-schist  in  the  Folais  rocks,  toffether 
with  the  frequent  truncation  of  the  foliation  planes  of  the  horn- 
blende-schists by  these  rocks,  prove  the  schists  to  have  suffered 
considerably  from  mylonising  movements,  aHhough  not  many 
mylonites  aj)pear  to  have  been  fonned  from  hornblende-schist 
alone. 

Within  the  sedimentaiy  zone  north-west  and  south-east  of 
Smiorasair  bands  of  a  compact,  hard,  black  flinty-looking  rock 
show  under  the  hand-lens  no  recognisable  minerals  excej)t  horn- 
blende in  a  fragmentary  form.  This  material  appears  to  have 
been  subjected  to  some  process  of  complete  reconstniction,  pre- 
sumably by  crushing.  It  occupies  the  same  position  in  the  series 
as  the  hornblende-schist,  and  se(»nis  to  have  l)een  mainly  derived 
from  it. 

Xear  Torridoninn  rocks  the  ]i()nibleiuh'-s(*hist<  ;ire  often  crossed 
by  thill  epidotic  strings,  and  the  foliation  ])lanes  and  the  sides  of 
the  veins  of  quartz  and  pe<iniatite  are  also  stained  with  luematite. 
The  pebbles  in  th(^  l)a^al  Torridonian  ])i'ee(ias  ar(*  sometimes 
crossed  by  epidotic  ><t  rings,  which,  as  they  do  not  ))ass 
into  the  matrix,  must  have  existed  in  tlie  Aichiean  rocks 
before  the  formation  of  the  eonolomeiate-.  Tliev  were 
doubtless  formed  in  pre-Tonidon  time  l)v  decomposition 
near  the  rock-surface.  On  the  north  >i(le  of  the  burn 
about  a  mile  E.S.K.  of  A'  ('ho<ag  (two  and  a  (juarter  miles 
W.S.AV.  of  Slattadale)  a  steeply  inclined  horn])len(le-schist 
is  intersected  by  (^pidotic  strings,  many  of  which  aii*  nearlv 
horizontal  (perha])s  rud(»ly  ])arallel  to  tlie  pi-c-Tonidonian  rock- 
surface)  and  cut  the  earlier  (juai't/  vein-.  T]ic\  often  contain 
quartz  as  well  as  ej)idote,  but  some  ai-e  entirely  coinj)osed  of 
grass-green  needhvs  of  e])idote,  often  about  half  aii  incli  long. 

(I'J)      Jf(N'7lhk/t(fr-srln'sf.^      trilli      Jlnum       Minf      n  ml       Viirifr.^. 

ifany  of  the  thin  bands  of  hoinl)KMi(l(>-<chi<l  within  the  area  of 
the  alten^d  sediment^  have  a  close*  resemblance  to  some  of  the 
actinolite  mica-schist^.  They  contain  calcareou><  streaks,  brown 
mica,  and  i)yrites,  together  with  hornblende  cry<tal<  wliich  are 
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frequently  arranged  in  radiate  forms,  and  are  of  a  stouter  build 
than  those  in  most  portions  of  the  thick  bands.  The  thin  bands 
of  hornblende-schist  which  occur  in  the  north-eastern  portion  of 
the  crushed  mica-schist,  half  a  mile  E.N.E.  of  Regoilachy, 
belong  to  the  finely-foliated  type  so  common  in  the  thick  bands, 
and  probably  some,  if  not  all,  of  them  may  represent  folded  or 
faulted  portions  of  thick  bands.  Mast  of  the  other  bands  further 
to  the  west,  likewise  most  of  the  thin  bands  between  Regoilachy 
and  Letterewe,  half  a  mile  W.N.W.  of  Coppachy,  and  in  some 
other  places,  belong  entirely  or  in  part  to  the  type  of  schist  under 
description.  In  (jleann  Tulacha  pyritous  biotite-hornblende- 
schists  appear  again  near  the  base  of  the  Heinn  Lair  hornblende- 
schist,  at  the  head  of  Lochan  Fada,  two-thirds  of  a  mile  above 
the  loch,  and  in  some  places  near  the  north-east  side  of  the  sedi- 
ments. In  the  Gairloch  district  schists  of  this  type  are  rare 
excepting  near  the  south-west  margin  of  the  Bad  an  Sgalaig  belt 
o£  mica-schists. 

A  slide  cut  from  specimen  477-),  from  an  exposure  of  these 
schists  at  the  loch-side  350  yards  west  of  Inishglass,  when 
examined  under  the  microscope  proved  to  be  in  a  mylonised 
condition.  A  portion  with  rounded  outline  and  less  calcareous 
than  the  rest  is  a  hornblende-schist  of  finely-foliated  type.  The 
rest  is  composed  of  streaks  which  sweep  round  the  edges  of  this 
schist. 

(14)  Aciviolite-schists  without  eithet'  Quartz  or  Felspar. — 
In  the  mica-schist  about  1000  yards  slightly  east  of  south  of  the 
Dubh  Loch  (three  miles  south-east  of  Gairloch)  and  near  a  finely- 
foliated  hornblende-schist  three  bands,  one  of  them  25  yards  wide, 
consist  almost  entirely  of  confused  aggregates  of  small  pale-green 
actinolite  needles  (51-^0),  and  weather  with  brown  and  rounded 
surfaces. 

PKE-TOHIUDOMAN    M0VEMEN1>. 

As  in  the  district  between  Scourie  and  Kylesku,  so  in  the 
ground  described  in  this  chapter,  many  of  the  movements  which 
led  to  the  first  production  of  foliation  in  the  basic  dykes  pro- 
ceeded parallel  to  these  dykes,  sharply  contorting  the  early  broad 
banding  in  the  older  Archaean  rocks,  and  giving  them  a  north- 
west strike.  A  feature  of  special  interest  in  the  ])resent  district 
is  the  evidence  which  it  atfords  that  subserjuently  to  these  move- 
ments, folds,  of  a  comparatively  gentle  character,  were 
developed  which  ])licated  the  already  partly-sheared  dykes, 
and  led  to  the  further  foliaHon  of  some  dykes  which 
were  not  previously  sheared  throughout.  (See  Plate 
XXVII.)  Another  noteworthy  characteristic  here  is  the 
development  of  *  rodded "  structure  both  in  the  gneiss 
and  intrusive  dykes.  In  some  rocks  the  constituents  have  been 
thrown  into  the  form  of  rods  and  in  sections  at  right  angles  to 
the  lengths  of  the  rods  show  no  parallel  anangement,  as  may  be 
specially  observed  near  the  centres  of  the  large  folds  by  which  the 
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basic  dykes  have  been  plicated,  for  instance,  near  the  centre  of  the 
broad  anticline  south-east  of  Loch  ToUie,  and  a  mile  and  a  third 
S.S.W.  of  Beinn  Lair.  This  structure  is  evidently  of  secondary 
origin  and  due  to  causes  which  have  affected  diverse  varieties  of 
rocks  over  considerable  districts.  Where  the  acid-gneisses  are 
rodded,  the  other  gneisses  are  found  to  be  in  the  same  condition. 
The  basic  dykes  are  sometimes  rodded  in  these  areas,  but  else- 
where they  show  plane-parallel  foliation.  This  peculiar  structure 
is  well  represented  in  Plate  XXVI.,  which  is  taken  from  a 
photograph  of  part  of  a  cliff -face,  five-eighths  of  a  mile  north  of 
Meall  an  Sparaain,  Poolewe. 

A  quarter  of  a  mile  N.N.W.  of  Loch  Doire  na  Herrie  (three 
and  a  hdf  miles  E.S.E.  of  Gairloch),  where  the  acid-gneiss  has 
been  sharply  folded,  it  has  been  changed  in  places  from  a  rodded 
into  a  finely-foliated  condition  with  the  divisional  planes  almost 
vertical  and  striking  north-west.  In  the  rodded  parts  it  is 
sometimes  hard  to  distinguish  any  broad  early  folia,  but  those 
which  can  be  discerned  incline  south-eastward.  The  rods  dip  in 
the  same  direction.  Near  the  places  where  the  fine  vertical 
foliation  is  seen,  the  broad  early  folia  change  their  strike  and 
become  much  thinner,  while  the  granules  of  quartz  and  felspar 
are  less  in  size  and  more  elongated  in  a  direction  parallel  to  the 
foliation.  The  influence  of  the  rodded  structure  on  the  topo- 
graphy of  the  ground  is  well  illustrated  in  Plate  XXV.,  which 
gives  a  view  of  the  landscape  a  quarter  of  a  mile  to  the  north-east 
of  Meall  an  Spardain,  Poolewe. 

Similar  variations  in  dip  and  strike  are  common  in  other  parts 
of  the  folded  area  south-east  of  Loch  Tollie.  Most  of  the  gneiss 
in  the  central  parts  of  the  anticline  shows  only  an  obscure  folia- 
tion, older  than  the  intinision  of  the  dykes.  The  early  folia 
where  recognisable  are  generally  broader  than  fbase  in  the  steep 
south-west  limb,  and  often  nearly  flat  or  rolling  irregularly. 
But  in  spite  of  the  attenuation  in  this  limb  the  gneisses  there  are 
not  always  thoroughly  granulitic.  If  the  observer  crosses  in  a 
south-west  direction  from  the  centre  of  the  anticline  to  the  thick 
hornblende-schist  near  Loch  Airidh  Mliic  Criadh  (a  mile  and  a 
half  north-east  of  Gairloch)  ho  can  readily  notice  the  rlifferences 
between  the  obscurely  and  the  closely  foliated  gneisses.  In 
addition  to  these  differences,  it  is  observable  that  thin  quartz 
veins,  from  half  an  inch  to  six  inches  thick  aud  with  occasional 
specks  of  red  felspar,  are  much  more  abundant  in  the  limb  of  the 
fold  than  in  the  centre.  The  basic  dykes  in  the  fonucr  show 
fewer  evidences  of  intrusion  than  in  the  centre,  which  is  pro- 
bably due  partly  to  the  great  drag  which  the  difVereiit  rock  masses 
have  received  in  this  limb,  and  partly  to  the  development  of  a 
strong  second  foliation  that  has  obscured  the  earlier  foliation  of 
the  gneiss.  As  in  other  districts,  the  second  foliation  in  the 
gneiss  is  here  alv.ays  oaiallel  to  the  foliation  in  the  dykes,  and 
generally  parallel  to  tneir  sides. 

Mixed  with  the  more  massive  gneiss  near  the  centre  of  the 
Tollie  anticline  some  thin  zones  of  finely-foliated  and  yet  gently 
dipping  gneiss  appear,  which  must  have  acquired  their  stiiicture 
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before  the  time  of  the  great  folds  that  plicated  the  basic  dykes 
As  a  rule  these  early  Tines  of  shear  have  proceeded  along  the 
sides  of  the  dykes.  A  good  section  of  one  of  them  may  be  seen 
two-thirds  of  a  mile  slightly  north  of  east  of  the  outlet  of  Loch 
na  Larach,  2\  miles  north-east  of  Gairloch.  In  the  upper  part 
of  this  section  the  early  bands  of  the  gneiss  are  nearly  vertical 
but  broad.  In  the  lower  part  they  suddenly  twist  into  a 
horizontal  position,  parallel  to  a  thin  basic  dyke,  while  at  the 
same  time  they  become  much  thinner,  so  as  to  show  hardly  a 
third  of  the  breadth  which  they  have  when  vertical.  The  quartz 
and  felspar  granules  in  the  horizontal  bands  have  also  been 
attenuated  and  elongated  in  a  direction  parallel  to  the  sides  of 
these  bands.  Where  «till  broad  the  bands  are  crossed  by  a  weak 
second  foliation  parallel  to  the  axial  planes  or  twists,  but  where 
thinned  they  seem  indistinguishable  in  structure  from  those  in 
the  south-west  limb  of  tlie  anticline,  though  they  were  probably 
altered  before  most  of  those  in  this  limb.  The  basic  dyke  is 
foliated  parallel  to  its  sides,  in  consequence,  presumably,  of  the 
same  movement  which  modified  the  gneiss  near  it.  Sections  of 
this  kind  show  that  parts  of  the  gneiss  in  the  limb  may  have 
been  altered  before  the  dykes  were  folded,  but  the  general  con- 
trast in  structure  between  the  gneiss  in  the  limb  and  that  near 
the  centre  of  the  fold  must  be  due  to  alterations  which  accom- 
panied the  formation  of  the  anticline.  Plate  XXIV.  represents 
the  structures  shown  by  the  fine-grained  biotite-gneiss  in  the 
south-west  limb  of  the  Loch  Tollie  anticline. 

In  the  folded  area  about  a  mile  and  a  third  S.S.W.  of  Beinn 
Lair  the  biotite-gneiss  with  felspar  augen  frequently  shows  no 
plane- parallel  foliation,  but  is  well  rodded  throughout.  Where 
the  dykes  strike  N.N.E.,  the  direction  of  the  rods  is  usually 
almost  at  right  angles  to  that  strike,  with  a  south-easterly 
inclination  at  about  20^.  Some  sections  in  this  ground  suggest 
that  a  rodded  structure  may  have  resulted  from  movements  which 
elsewhere  produced  a  plane  foliation.  The  minute  contortions 
and  strain-slips,  which  in  folded  areas  have  acted  on  banded 
rocks,  may  cut  the  bands  into  thin  strips  or  rods,  which  run 
parallel  to  the  axial  planes  of  the  large  folds  affecting  the  rocks. 
The  rods  mTist  also  incline  in  the  .same  direction  as  the  broad 
bands  or  early  foliation,  since  it  is  from  these  bands  that  the  rods 
have  been  formed.  There  are,  however,  certain  areas — for 
instance,  on  the  shore  of  Loch  Maree,  a  mile  W.N.W.  of  Ardlair 
— in  which,  although  the  rocks  are  well  rodded,  they  display  no 
certain  proof  of  having  been  folded. 

Many  mylonised  rocks  liuve  been  formed  since  the  first  folia- 
tion of  the  basic  dykes.  In  all  the  thick  bands  the  mylonised 
laminiB  are  affected  by  many  thrusts  or  faults,  as  well  as  folds, 
and  these  lamiiue  are  frequently  broken  and  faulted  as  well  as 
folded. 

Those  which  have  been  formed  fix)m  the  gneisses*  are  best 

♦  Mylonites  formed  wholly  or  iu  part  from  the  altered  sediments  and  the 
thick  hornblende  schists  are  described  in  connection  with  these  rocks. 
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developed  between  Folais  and  Fasagh,  in  the  area  in  which  the 
other  mylonites  are  also  most  conspicuous.  They  also  appear  in 
various  parallel  bands  which  run  from  a  mile  and  700  yards 
south-west  of  the  summit  of  Beinn  Lair  to  the  west  end  of  Loch 
Garbhaig.  Most  of  the  bands  do  not  exceed  a  few  yards  in 
thickness,  and  at  least  six  may  be  observed  in  a  breadth  of  a 
quarter  of  a  mile.  Here  the  folia  are  thinner  and  more  sharply 
folded  than  those  of  the  adjacent  gneiss,  and  in  some  places 
resemble  crumpled  leaves  of  paper.  They  are  crossed  by  a 
number  of  thrusts,  and  in  various  places  are  mixed  with  thin 
strips  of  hornblende-schist  which  have  been  broken  off  from 
adjoining  basic  dykes.  Some  of  these  mylonites  may  have  been 
formed  from  pegmatites,  but  the  edges  of  others  seem  to  pass 
into  the  biotite-gneiss  at  their  sides.  East  of  the  burn  a  mile  and 
200  yards  S.S.W.  of  Beinn  Lair  a  mylonite,  about  40  yards  wide, 
has  been  formed  in  part  from  an  acid  gneiss  containing  basic  streaks 
and  lenticles.  Some  of  the  streaks  no  doubt  belong  to  the  Funda- 
mental Complex,  but  others  may  represent  dykes.  The  my  Ionised 
rocks  formed  from  the  acid  gneiss  have  a  conchoidal  fracture  and  are 
of  a  dark  brown  or  black  colour  when  fresh,  but  they  weather 
with  a  dirty  white  crust,  and  contain  white  or  pink  eyes  of 
felspar.  Those  which  have  been  produced  from  the  basic  streaks 
intermixed  with  the  acid  gneiss  do  not  differ  much  in  character 
and  colour  of  fracture,  but  they  weather  with  black  or  dark 
brown  surfaces. 

Specimen  4774  of  the  mylonite,  composed  of  alternating  strips  of 
grey  and  dark  brown  colour,  from  the  west  side  of  the  burn  just 
alluded  to,  shows  under  the  microscope  well-marked  an  gen.  Those  in 
the  paler  strips  are  mostly  of  felspar,  and  those  in  the  dark  bands 
of  hornblende.  Some  of  the  au<^en  show  signs  of  crush,  and  the 
fine  streaks  of  the  ciyptocrystalline  matrix  wind  round  them, 
and  are  sometimes  also  contorted  and  crossed  by  small  faults. 
Mr.  Barrow  has  analysed  a  portion  of  this  specimen  with  the 
following  result:  — 

8iHcH        -  -  .  -        r)0-:5 

Ahunina      -  -  -  -  15*3 

Ferric  Oxide  -  -  -  lO? 

Lime           -  -  -  -            5*6 

Magnesia    -  -  -  -             1'30 

Potasli         -  -  -  -             1-7 

Soda            -  -  -  -             :V3 

Loss  on  ignition      -  -  -             1*1 
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The  percentage  of  silica  must  be  much  higher  in  some  of  the 
bands  than  in  others. 

Many  of  the  ilinty  streaks  which  occur  in  the  ciTishcd  and 
mylonised  bands  have  ])r()bably  liecii  formed  in  the  latter  stagers 
of  the  movements  which  affected  the  rocks,  and  are  of  a  some- 
what different  type  from  the  common  mylonites,  but  they  are  all 
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considered  to  be,  and  many  of  them  can  be  proved  to  be,  of  pre- 
Torridonian  age.  Thns  the  zone  of  this  material  which  flanks 
the  north-east  side  of  the  An  Groban-Sithean  Mor  hornblende- 
schist  does  not  cross  the  Torridonian  breccia  near  Loch  Airidh 
Mhic  Criadh,  though  some  of  the  breccia  lies  in  the  direction  ol 
the  main  crush.  The  Flowerdale  Glen  fault,  which  shifts  the 
outcrop  of  this  zone,  is  also  of  pre-Torridon  age.  Part  of  the 
fault-rock,  about  three  feet  across,  is  seen  on  the  coast  200  yards 
south  of  Gairloch  Free  Church,  where  it  contains  various  kinds 
of  black  and  green  flinty  material.  Although  the  Lewisian 
rocks  near  these  strings  are  much  twisted,  the  Torridonian 
breccia  about  200  yards  W.X.W.,  and  close  to  the  direction  of 
the  fault,  is  unc rushed  and  undisturbed.  It  also  contains  various 
compact  green  pebbles  which  closely  resemble  some  of  the  strings 
in  the  fault-rock. 

Again,  about  1000  yards  north-east  of  the  outlet  of  Loch  a' 
Bhealaich  (about  six  and  a  half  miles  S.S.E.  of  Gairloch)  the 
Torridonian  breccia,  which  is  seen  a  few  yards  off  the  flinty 
crush- lines  at  the  south-east  boundary  of  the  Lewisian  area,  has 
not  been  disturbed  and  contains  pebbles,  some  of  them  eight  or 
nine  inches  long,  which  consist  of  a  reddened  acid  gneiss  with 
black  flinty  streaks  like  those  in  parts  of  the  crush-zone.  Other 
instances  might  be  adduced  from  Gleann  Tulacha  and  Fasagh, 
north-east  of  Loch  Maree,  where  these  crush-lines  strike  at  the 
undisturbed  Torridon  strata,  and  where  pebbles  of  the  flinty 
rocks  are  found  in  the  basal  breccias. 

In  the  most  compact  and  flinty  crush-rocks  no  mica  can  be 
discerned  with  a  hand  lens.  The  weathered  surfaces  show  a  close 
streaky  structure,  the  streaks  being  often  interrupted  by  lines  of 
fault,  and  those  in  one  portion  of  them  striking  at  those  in 
another,  so  that  the  rock  as  a  whole  has  a  less  streaky  appearance 
than  most  of  the  mylonised  rocks,  ^fauy  hand  specimens  show 
no  distinct  eyes,  and  do  not  betray  the  nature  of  the  parent  rock, 
but  in  field  exj)osures  the  flinty  rock  is  always  seen  to  be  mingled 
with  other  less-altered  material.  The  broad  bands  shown  by 
yellow  lines  on  the  one-inch  map  (91)  are  not  entirely  of  flinty 
rock,  but  zones  in  which  there  is  a  special  abundance  of  flinty 
streaks. 

Flinty  crushes  particularly  abound  on  the  north-east  side  of 
the  An  Groban-Sithean  ^lor  horn1)lende-schist,  where  a  zone, 
usually  consisting'  of  several  l)ands  tliat  do  not  keep  strictly 
parallel,  runs  along  nearly  the  whole  of  the  band,  excepting  for 
about  a  mile  near  and  south-east  of  Am  F(uir  Loch.  It  has  been 
vshifted  for  nearly  three-cpiai-ters  of  a  mile  by  the  Flowerdale 
Glen  W.X.W.  fault,  which  is  also  accompanied  by  flinty  crushes. 
Another  still  thicker  nearly  i)arallel  zone  runs  from  a  little  west 
of  Tollie  Farm  to  near  the  shore  of  Loch  Maree  south-east  of 
Doire.  Between  these  two  main  zones  various  other  bands  run 
in  different  directions.  The  areas  south-west  of  the  An  Groban- 
Sithean  Mor  schist  contain  comj)aratively  few  flinty  crushes. 

Besides  the  black  crush- streaks,  the  same  zones  occasionally 
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present  dark-brown,  grey,  or  black  strings,  rarely  more  than  an 
inch  thick,  which  do  not  displace  the  folia  crossed  by  them. 
These  strings  sometimes  bulge  out  in  rounded  projections,  or  end 
bluntly  and  look  like  intrusive  felsites.  They  are,  however, 
confined  to  zones  which  have  been  crushed,  and  it  seems  probable 
that  many  of  them  are  isolated  on  all  sides  by  the  adjoining 
rocks.  It  is  difficult  to  see  how  they  can  be  intrusions  of  true 
igneous  rock.  Perhaps  by  the  intensity  of  the  crushing  near 
them  sufficient  heat  may  have  been  generated  to  fuse  small  por- 
tions of  the  rock*. 

A  band  of  much-crushed  gneiss  striking  north-west  in  the 
wood  on  the  north-west  side  of  the  Loch  Maree  Hotel,  Talladale, 
contains  various  black  felsite-like  strings  which  behave  as  if  they 
were  intrusions.  In  a  thin  slice,  5270,  the  substratum  of  the 
rock  gives  an  obscure  microcrystalline  reaction,  and  resembles 
certain  felsites.  It  is  unlike  any  rock  yet  recognised  as  a  pro- 
duct of  crushing.  Irregular  fragments  of  quartz  and  felspar 
lying  in  this  substratum  show  unmistakeable  signs  of  deforma- 
tion. Again,  just  below  the  summit  of  Meal!  Biabhach, 
Smiorasair,  felsite-like  strings,  varying  from  meore  threads  to 
about  three  inches  thick,  are  excellently  exposed  at  intervals  in 
a  zone  about  three  yards  thick.  They  cut  the  gneiss  in  all 
directions.  In  one  place  only,  near  the  east  end  of  the  zone,  do 
they  show  macroscopically  any  structure  like  that  of  a  mylonite. 
The  gneiss  is  clear,  fresh,  and  granular  up  to  the  edge  of  the 
veins,  but  there  are  dislocations  near  by.  A  specimen,  4281,  of 
one  of  the  strings  shows  under  the  microscope  a  microlitic  struc- 
ture in  the  ground  mass,  and  some  signs  of  fluxion.  The 
fragments  of  quartz  and  felspar  included  in  the  ground  mass 
show  strongly-marked  cataclastic  structures. 

Other  faults  which  are  not  accomjianied  with  mylonites  or 
flinty  crush-rocks  can  also  l)o  proved  to  be  of  pre-Ton'idonian 
age,  as,  for  instance,  the  one  tliat  run^s  south  from  about  230 

*Mr.  Holland  (*'The  Charnockite  Scries,"  Mtui.  OpoL  SniTf\f  of  Fudut, 
vol.  xxviii.,  Part  II.,  p.  108-202)  has  (lesori])ed  gneiss  with  strings  and 
tongues  of  a  black  compact  character  which  look  macroscopically  like  injected 
basic  material.  These  had  originally  been  taken  as  igneous  rocks,  and  the 
gneiss  in  which  they  occur  had  been  called  trap-shotten  gneiss.  Mr.  Holland 
states,  however,  that  the  black  substance  has,  under  the  microscope,  no 
igneous  structure;  it  is  comi)osed  of  a  ])lack  dust  through  which  angular 
fragments  of  (juartz  find  other  transparent  minerals  are  disseminated,  and 
the  whole  rock  is  highly  crushed,  with  the  production  of  mylonite  and  fre- 
(juent  microscopic  faulting.  The  rocks  around  being  often  acid  in  composi- 
tion, the  black  colour  of  the  mylonite  strings  is  a  matter  of  sur])rise.  The 
bands  under  the  microscope  include  innumerable  minute  opaque  black  bodies 
which  suggest  sublimation  by  heat,  or  introduction  of  material  in  solution. 
Examination  of  very  thin  shces  seems  to  show  the  beginnings  of  crystallisii- 
tion  in  the  black  dust.  Sometimes  shallow  bays  in  the  quartz-pieces  are  filled 
with  the  black  dust,  as  if  corrosion  had  commenced.  These  phenomena  in- 
dicate that  the  rock  has  been  greatly  hciited,  but  not  to  so  high  a  temperature 
as  to  fuse  the  dust  completely.  Mr.  Holland  crushed  a  specimen  of  acid 
charnockite  and  heated  the  powder  to  a  white  heat,  sufficient  to  produce  a 
very  imperfect  fusion  ;  the  result  was  a  fritted  black  cake. 
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yards  west  of  the  outlet  of  Lochan  Druim  na  Eeama,  and  is 
covered  by  an  outlier  of  undisturbed  Torridonian  breccia. 

The  ola  lines  of  movement  which  existed  befdre  the  Torridon 
Sandstone  was  laid  down  have  in  some  places  been  used  again  in 
post-Torridonian  time. 

GNEISS  AFFECTED   BY   THE   POST-CAMBRIAN   MOVEMENTS. 

Above  the  Kinlochewe  thrust-plane,  Lewisiun  rocks  reappear 
in  various  isolated  parts  of  this  district,  all  of  which,  with  one 
exception,  are  of  small  extent.  The  structural  relations  of  these 
masses  will  be  described  in  the  section  dealin<j  with  the  post- 
Cambrian  movements  (Part  IV.) «  Attention  is  here  called  to 
the  petrographical  characters  of  the  largest  and  most  important 
mass  that  lies  north  of  Kinlochewe.  Measuring  seven  miles  in 
length  from  north  to  south,  and  about  diree  and  a  half  miles  iu 
breadth,  it  covers  an  ai*ea  of  about  twelve  square  miles. 

As  already  mentioned.  Professor  Boiiney  recognised  the  petro- 
graphical characters  of  some  of  the  rcwks  of  this  displaced  mass, 
and  noticed  the  presence  of  a  rather  granitoid  variety  of  the 
Hebridean  gneiss,  the  occurrence  of  dykes,  and  of  a  green  schist 
with  marked  fragmental  structure  due  to  cnishing*. 

This  detached  portion  of  the  Fundamental  Complex  contains 
knots,  lenticles,  and  larger  masses  of  ultra-basic  and  early  basic 
material,  which,  in  some  cases,  show  a  banded  arrangement  of 
the  constituents  that  must  have  been  developed,  in  part  at  least, 
before  the  injection  of  the  later  more  acid  gneiss.  Some  of  the 
early  basic  parts  are  about  half  a  mile  in  diameter,  and  consist  of 
honiblende-gneisses  and  amphibolites.  The  most  characteristic 
feature  of  the  whole  outlier,  however,  is  a  coarse  granitoid  gneiss 
with  biotite,  and  showing  rude  banding.  This  rock  invades  and 
isolates  the  older  basic  portions  of  the  mass,  and,  save  near  the 
thrust-planes,  has  been  little  deformed  by  the  j)ost-Cambrian 
movements.  Northwards  from  the  Heights  of  Kinlochewe, 
beyond  Gleann  na  Muice,  in  the  Puss  of  Beallach  Bhain,  that 
leads  to  Locli  an  Nid,  this  t3'pe  becomes  a  gneissose  granihe,  and 
in  places  shows  no  banding  at  all,  consisting  of  plagioclase, 
orthoclase,  microoline,  quartz,  and  chlorite  after  biotite,  and 
showing  a  strong  resemblance  to  the  older  part  of  the  Funda- 
mental Complex  south  of  Gruinard  in  the  undisturl)ed  area  to 
the  w^st  (Chapter  XI.).  Over  much  of  the  tract  the  foliation 
planes  roll  about  at  low  angles,  but  near  the  Heights  of  Kinloch- 
ewe their  strike  is  north-west. 

Another  noteworthy  feature  is  the  occurrence  of  numerous 
dykes  of  epidiorite  that  traverse  the  gneiss  in  a  W.N.W.  or 
north-west  direction,  and  show  their  intrusive  character  as  clearly 
as  in  the  typical  area  between  Scouiie  and  Loch  Inver. 

Plate  II.,  which  represents  a  portion  of  this  displaced  mass, 
shows    two    epidiorite    dykes    intersecting    the    rudely-foliated 

*  Quart.  Jaurn.  Geol.  Soc.^  vol.  xxxvi.,  p.  93. 
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granitoid  gneiss  near  the  Heights  of  Kinlochewe.  As  in  the  un- 
disturbed areas  referred  to,  the  dykes  here  rise  along  more  or  less 
veiiical  fissures-;  they  have  chilled  margins,  and  no  instance  was 
noted  where  a  dyke  had  been  changed  into  hornblende-schist. 
A  few  small  dykes  of  ultra-basic  rock  (picrite)  also  occur  here. 

Apart  from  the  resemblance  in  petrographical  characters,  the 
horizon  of  this  thrust  gneiss  is  clearly  proved  by  the  fact  that  it  is 
covered  unconformably  by  the  Torridon  Sandstone,  and  shows 
the  double  unconformity  between  the  Cambrian  strata  and  tne 
Torridon  and  Lewisian  rocks. 

South  of  Kinlochewe  a  narrow  l)elt  of  gneiss,  in  places  highly 
deformed,  occurs  not  far  below  the  oiitcrop  of  the  Moine  thrust- 

1)lane  east  of  Coulin,  4^  miles  south  of  Kinlochewe,  which  will 
)e  referred  to  in  Part  IV.  Small  bosses  appear  in  the  Coulin 
Forest  forming  the  cores  of  isoclinal  folds  in  the  basal  division 
of  the  Torridon  Sandstone.  The  surfaces  of  these  displaced, 
masses  in  the  Kinlochewe  region  show  the  appearances 
characteristic  of  the  weathering  in  pre-Torridonian  time,  in 
that  they  are  traversed  by  numerous  strings  of  epidote  and  are 
much  epidotised. 


CHAPTER  XIII. 

THE  LOCH  TOREIDON  DISTRICT— UONA  AND 

RAASAY*. 

A.  Loch  Tokridon. 

This  district  is  bounded  on  the  north  by  the  southern  limit  of 
the  ground  described  in  Chapter  XII.,  and  extends  southward 
across  Loch  Torridon  as  far  as  the  Lewisian  rocks  appear  at  the 
surface  or  to  a  line  drawn  from  the  head  of  Loch  Gaineamhach 
eastwards  by  the  head  of  Loch  Shieldaig  to  the  foot  of  Loch 
Damh,  as  shown  on  the  map.  The  Lewisian  rocks  form  around 
(he  constricted  part  of  Loch  Torridon  and  on  the  southern  shore 
of  the  upper  loch  a  series  of  irregularly- shaped  inliers 
surrounded  and  separated  by  the  Torridon  vSandstone. 
A  few  small  inliers  also  appear  among  the  Torridon 
Sandstones  in  the  valley  that  separates  Liathach  from 
Beinn  Dearg,  and  on  the  western  slopes  of  the  latter 
mountain.  l^art  of  the  pre-Torridonian  topography  is  well 
displayed  here.  The  two  areas  of  gneiss  to  the  east  and  west  of 
Loch  Shieldaig  may  be  regarded  as  portions  of  two  parallel  ridges 
of  that  ancient  land-surface  from  which  the  overlying  sedi- 
mentary strata  have  been  to  a  greater  or  less  degree  removed  by 
denudationt.  The  westernmost  of  these  ridges  fonns  a  con- 
tinuous belt  of  varying  breadth  that  extends  in  a  north-east 
direction  from  Croicbheinn  in  the  Applecross  peninsula  into  the 
Shieldaig  Forest  on  the  north  side  of  Loch  Torridon — a  distance 
of  about  12  miles.  Its  summits  on  the  south  side  of  the  loch 
reach  a  height  of  from  500  to  1)00  feet  above  sea-level.  Across 
the  Narrows  the  gneiss  rises  to  1000  feet  above  Loch  Diabaig,  and 
reaches  the  1750  feet  rontour-line  on  the  sl()j)es  of  An  Ruadh- 
iHieallan,  the  crest  of  the  ridge  at  this  point  being  still  concealed 
beneath  the  sandstones. 

The  eastern  ridge  is  represented  by  a  series  of  disconnected 
areas  that  begin  in  the  north  with  the  inliers  on  Beinn  Dearg. 
On  the  further  side  of  the  ])re-Torridonian  de])ression  that  is 
partly  occupicnl  by  Upper  Loch  Torridon,  the  gneiss  appears 
again  on  the  ]>romoiitory  between  Ob  (lorni  ^lor  and  Ob  Gorm 

*The  portion  of  tliis  cliaptAir  dealing  with  Loch  Torridon  is  by  Mr. 
Hinxn»an  ;  the  part  descriptive  of  K<»na  and  Raasay  by  Mr.  Teall.  The 
whole  of  the  district  is  comprised  in  Sheets  81  and  82  of  the  Geologic4il  Map 
of  Scotland  on  the  sciile  of  (snircrt)  one  inch  to  a  mile. 

tSee  A.  Geikie,  Natuir,  XXII.  (1880),  p.  400. 
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Beag,  and  forms  a  large  area  round  the  foot  of  Loch  Damph 
and  the  Balgy  River.  The  two  ridges  seem  to  be  connected 
beneath  the  northern  end  of  Beinn  Shieldaig  by  the  gneiss  of  the 
Shieldaig  peninsula.  The  sandstones  of  Ben  Shieldaig  can  be 
seen  to  lie  in  an  old  valley  of  the  gneiss  which  rises  from  sea- 
level  on  either  side  of  that  hill. 

The  surface  of  the  gneiss  of  the  western  ridge,  especially  in  the 
Diabaig  area,  is  extremely  bare  and  rugged,  the  country  having 
been  carved  into  a  succession  of  abrupt  rocky  hills,  separated  by 
deep  ravines,  and  ciip-shaped  hollows  containing  small  lochans. 
Much  of  the  present  character  of  the  ground  is  no  doubt  due  to 
denudation  subsequent  to  the  removal  of  the  ToiTidonian  strata, 
and  many  of  the  deeper  ravines  have  been  excavated  along  the 
lines  of  post-Torridonian  faults.  The  surface  of  the  eastern 
ridge  is  likewise  peculiarly  rocky  and  bare  of  superficial  deposits. 
Only  on  the  ground  to  the  north-west  of  An  Kuadh-Mheallan, 
in  the  hollows  east  of  Meall  Dearg,  and  about  the  foot  of  Loch 
Damph,  is  there  any  considerable  extent  of  glacial  drift  or  peaty 
covering. 

EARLY    BASIC   MASSES   OF  THE    FUNDAMENTAL   COMPLEX. 

Only  one  instance  of  an  ultra-basic  mass  forming  part  of  the 
original  complex  has  been  observed  in  the  area  between  the 
Craig  River  and  Loch  Toi-ridon.  It  lies  between  Loch  na 
h'Uamhaig  and  An  Ruadh-Mheallan,  a  mile  and  a  half  N.N.E. 
of  Upper  Diabaig.  It  forms  a  lenticular  band  one-third  of  a 
mile  in  length,  the  western  end  passing  beneath  the  red  grits  of 
the  basal  Torridonian  group.  It  measures  oO  yards  across  its 
widest  portion.  The  rock  is  an  olivine-hornblende-peridotite. 
Other  examples  of  the  same  type  occur  to  the  north  of  the  Craig 
River. 

The  numerous  narrow  bauds  of  foliated  anii)lii])()lite  and  horn- 
blende-scliist,  that  appear  at  tirst  sight  to  form  an  integral  part 
of  the  gneiss  in  the  areas  where  il  has  boon  affected  by  the 
secondary  foliation,  can  for  the  most  ])ai-t  be  shown  to  have  an 
intrusive  origin.  They  are  more  fully  described  in  the  section 
dealing  with  the  dykes  of  the  district.  Other  foliated  basic 
masses  of  more  doubifnl  origin,  however,  may  ])ossibly  rej)resent 
basic  portions  of  the  original  complex.  Where  the  original 
banding  has  not  been  desiroyed,  the  usual  knots  and  lenticular 
bands  of  hornblende-rock  apjiear  here  m  more  or  less  abundance, 
and  it  seems  probable  that  some  of  ihe  moie  basic  bands  in  the 
reconstructed  flaggy  gneiss  may  represent  these  eaily  masse^s  in 
an  altered  condition. 

GNEISS   OF   THE    FUNDAMENTAL   C'OMrLEX. 

The  original  type  of  tlie  gneiss  is  best  displayed  in  the 
extreme  northern  ])art  of  the  area  between  the  Crnig  River  and 
An  Ruadh-Mheallan.  It  is  there  a  massive  quartzose  pyroxene- 
or  hornblende-rock   in   which   the   earlv  bandino*   is  often   verv 
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indistinct.  South  of  Loch  Airidh  Eachainn  narrow  bands  of 
micaceous  gneiss  with  a  north-west  strike  and  secondary  foliation 
begin  to  appear,  the  discordance  between  the  older  and  newer 
foliation-planes  being  distinctly  apparent.  Towards  the  shore 
of  Loch  Torridon  the  older  banding  becomes  almost  entirely 
replaced  by  the  secondary  foliation,  though  even  where  the  latter 
is  most  prevalent  the  wavj'  lines  of  the  older  planes  can  generally 
be  detected  on  close  examination. 

This  modified  gneiss  is  typically  developexi  along  both  sides  of 
Loch  Shieldaig,  and  on  the  promontory  which  separates  that  loch 
from  Upper  Loch  Torridon.  It  belongs  to  Group  IV.  1  of 
the  classification  detailed  in  Chapter  IV.,  and  consists  of  rocks 
in  which  biotite  is  the  principal  ferromagnesian  constituent, 
with  quartz  and  felspar.  It  presents  the  appearance  of  a  flaggy, 
thoroughly-foliated,  micaceous  gneiss,  often  highly  felspathic, 
and  sometimes  containing  hornblende  in  addition  to  the  biotite. 
A  large  proportion  of  it  is  highly  acid,  consisting  chiefly  of 
quartz  and  felspar,  and  having  the  appearance  of  a  foliated 
pegmatite.  These  pegmatitic  bands,  that  are  now  thoroughly 
mcorporated  and  plicated  with  the  gneiss,  may  represent  an  early 
acid  intrusion  forming  part  of  the  rocks  of  the  original  complex. 

Inlier  of  Beinn  Dearr/. — The  niuscovite  -biotite  gneiss  of 
Group  V.  (ante,  p.  44)  is  typically  developed  in  the  inlier  of 
Lewisian  rocks  that  lies  at  the  head  of  Coire  SIhic  Nobuil 
between  Beinn  Dearg  and  Liathach,  about  a  mile  and  a  half  to 
the  north-east  of  Torridon  House.  This  inlier  occupies  a  tri- 
angular space  about  half  a  square  mile  in  extent  on  the  southern 
slopes  of  Beinn  Dearg,  rising  at  its  apex  to  a  height  of  iipwards 
of  1800  feet  above  sea-level.  Tlie  uno#nformable  junction 
between  the  gneiss  and  the  overlying  Torridon  Sandstone  is  well 
seen  on  the  west  side  above  the  1500  feet  contour-line ;  and  a 
good  section  of  the  gneiss  is  exposed  along  the  bed  of  the  stream 
in  the  bottom  of  the  valley.  The  intervening  slope  is  obscured 
by  drift  and  the  hill-wash  brought  down  by  the  mountain 
torrents. 

The  rocks  of  this  area  have  been  thoroughly  reconstructed. 
They  show  marked  ])ara]lel  foliation,  and  in  certain  places  are 
even  schistose  in  character,  their  divisional  planes  often  having 
a  silvery  lustre  from  the  white  mica  developed  on  them.  In 
addition  to  the  micas,  they  contain  microcline,  oHgoclase,  and 
quartz,  and  show  traces  of  cataclastic  structure. 

Associated  with  these  muscovite-biotite-schists  there  are  bands 
in  which  biotite  is  the  predominant  mineral ;  while  others, 
chiefly  composed  of  qiiartz  and  felspar,  possibly  represent  sheared 
pegmatites.  Bands  and  eyes  of  garnetiferous  amphibolite  may 
also  be  observed,  some  of  which  are  markedly  schistose.  The 
origin  of  these  basic  bands  is  doubtful ;  possibly  some  of  them 
may  be  portions  of  the  early  complex. 

The  strike  of  the  gneiss  in  this  area  is  generally  N.N.W.,  the 
foliation-planes  being  vertical  or  dipping  west  at  high  angles. 

The  early  banding  in  the  original  type  of  gneiss  of  the  northern 
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area  has  a  general  north-east  strike,  but  with  local  variations, 
the  rocks  sometimes  undulating  and  dipping  in  vaiious  directions 
at  low  angles.  The  foliation-planes  are  almost  invariably 
crumpled  and  irregular  in  their  arrangement.  The  recon- 
structed flaggy  micaceous  gneisses  are  distinguished,  on  the  other 
hand,  by  the  uniform  disposition  of  their  divisional  planes.  The 
foliation  dips  steadily  to  the  noi*th-east  at  angles  of  40^-50^, 
giving  a  striking  appearance  of  regularity  to  the  rocks  along  the 
coast  east  of  Diabaig.  This  regularity  is  heightened  by  the 
banding  effect  produced  by  the  numerous  narrow  belts  of  dark 
basic  material  that  are  foliated  with  the  gneiss. 


DYKES. 

Reference  has  already  been  made  to  the  occurrence  of 
numerous  parallel  bands  of  basic  rock  that  traverse  the  gneiss  in 
a  south-east-north-west  direction,  more  or  less  parallel  to  the 
strike  of  the  secondaiy  foliation  of  the  gneiss.  The  thinner 
bands,  varjung  from  a  few  feet  to  20  yards  in  breadth,  are,  as  a 
rule,  completely  foliated  throughout,  and  the  intrusive  relations 
of  these  belts  of  hornblende-schist  to  the  surrounding  gneiss  have 
often  been  «o  entirely  obliterated  by  the  movement  which  pro- 
duced the  foliation,  that  they  now  appear  to  form  an  integral 
portion  of  the  reconstructed  gneiss.  This  is  particularly 
observable  in  the  ground  to  the  south  and  east  of  Lagan  Uubh ; 
immediately  north  of  Shieldaig  village ;  on  Beinn  Tire,  west  of 
Loch  Shieldaig;  and  between  Kenmore  and  Arrin  a'  Chruinach, 
on  the  western  margin  of  the  mosi  westerly  tract  of  gneiss. 
Where,  however,  the  ()ri<»inal  ])iin(lin<^'  has  not  been  destroyed, 
the  transgression  of  the  tnirly  lines  ot  sinieture  by  the  foliated 
basic  bands  is  distinct,  and  their  dvkt^-iike  relaiions  to  the 
original  o-neiss  can  be  eleaily  established.  The  evi(UMice  of  tins 
discordance  between  the  two  sets  of  strncture-lines  is  well  seen 
in  the  area  louiid  Loch  Airidh  ICachainn.  thiec-(juarters  of  a  mile 
N.N.E.  ot  Loch  l)ia])ai<»:s  Airde,  on  the  north  side  of  Loch 
Torridon. 

In  addition  to  these  hornl)lende-schists,  many  other  bands  aiul 
masses  of  basic  7'ock  may  be  noted,  whose  intin^ive  origin  in  the 
fonn  of  dykes  is  ])lainly  aj)|)ai'cnt,  Hiey  consist  of  foliated  or 
unfoliated  amphibolites  (e])i(liorites),  distinctly  coarser  and  less 
foliated  in  the  centre  tlian  at  the  edges,  and  often  so  fels])athic  as 
to  present  a  mottled  a])pearance  in  the  central  ])ortions.  or  even 
with    distinct    ])henocrvsts.    now    re])lac(Ml    bv    airirreirations    of 


s(H.M)ndary  felspar.  One  of  these  coarse  fel-])alhic  epidiorite 
dykes  crosses  the  point  of  Ihidha  na-h-Airde  (Jlaise,  opposite 
Loch  Shieldaig,  where  it  has  a  breadth  of  more  than  a  hnndred 
yards.  A  continuation  of  the  same  dyke  a])|)ears  on  the  pro- 
montory a  mile  to  the  north-west,  where  the  central  ])ositioii  is 
unfoliated,  and  has  a  ])eculiar  ro])y  or  convolultMl  a])pearance, 
from  which  it  derives  its  local  name  of  the  '*  (nits  rock."        A 
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short  distance  inland  this  dyke  suddenly  contracts  to  a  width  of 
a  few  yards,  changes  its  direction,  and,  cutting  across  the  folia- 
tion-planes of  the  gneiss,  coalesces  with  a  parallel  dyke  a  short 
distance  to  the  east. 

A  group  of  coarse  epidiorite  dykes,  foliated  only  at  the  margins 
or  along  certain  banas,  traverse  the  gneiss  in  the  area  between 
An  Ruadh-Mheallan  and  Upper  Diabaig.  The  boundaries  are 
in  many  places  irregular,  with  branches  and  apophyses  pene- 
trating the  gneiss  and  crossing  the  lines  of  banding.  One  of  the 
largest  of  the  basic  dykes  in  the  whole  district  crosses  the  Craig 
River  three-quarters  of  a  mile  west  of  Loch  Gannach  Beag  (on 
the  northern  margin  of  Sheet  81),  and  to  the  south  of  that  stream 
has  a  breadth  of  over  90  yards.  The  dyke  can  be  followed  along 
the  slopes  of  An  Ruadh-Mheallan,  where  for  nearly  a  \  mile  it  is 
partially  covered  by  the  sandstones.  It  is  then  thrown  120 
yards  to  the  east  by  the  Loch  Diabaigs  Airde  fault,  and  finally 
disappears  beneath  the  Torridonian  rocks  in  the  bed  of  the 
AUigin  burn.  The  rock  is  a  coarse  epidiorite,  and  nowhere 
along  its  course  shows  any  distinct  parallel  structure. 

The  numerous  dykes  that  cross  the  Shieldaig  promontory  are 
more  completely  foliated  than  those  just  described,  the  narrower 
bands  having  been  converted  into  hornblende-schist.  Another 
basic  mass  of  somewhat  irregular  outline  runs  north-westwards 
from  the  shore  of  Ob  Mheallaidh.  It  is  500  yards  in  length,  with 
a  maximum  breadth  of  130  yards,  but  thins  out  rapidly  towards 
its  western  extremity.  The  rock  is  mostly  coarse  and  felspathic, 
but  foliated  throughout.  Its  intrusive  origin  is  shown  by  its 
relations  to  the  surrounding  gneiss  where  the  latter  is  in  an 
unmoved  condition. 

Between  Shieldaig  and  Camas  an  Leim  several  other  dykes 
may  be  seen,  30-40  yards  in  breadth,  consisting  of  foliated 
epidiorite,  often  coarse  and  with  conspicuous  felspar  in  their 
central  portions.  At  Camas  an  Leim  they  are  much  dislocated 
by  a  set  of  parallel  faults  that  run  N.IS'.E. 

The  connection  of  the  foliation  of  the  basic  dykes 
with  the  movements  that  produced  the  secondary  north- 
west foliation  is  well  shown  in  the  area  between 
Ob  Mheallaidh  and  Balgy.  A  broad  dyke  of  coarse 
epidiorite  runs  north-west  from  Bal^i^y  and  traverses  an  area  of 
mostly  unmodified  gneiss  in  which  the  early  north-east  banding 
in  still  prominent.  Save  at  the  extreme  edges  in  a  few  places, 
this  dyke  is  entirely  unfoliated,  while  a  branch  of  the  same 
dyke,  which  crosses  an  area  of  flaggy  micaceous  gneiss  a  short 
distance  to  the  south,  has  been  completely  sheared. 

On  the  Aird  Mhor,  the  point  of  land  which  separates  Ob 
Gorm  Mor  from  Ob  Gorm  Boag,  a  broad  basic  dyke  has  weathered 
out,  forming  a  trench-like  hollow,  an  unusual  feature  in  the 
dykes  of  this  district.  The  vertical  wall  on  the  north  side  of 
this  hollow  shows  distinct  glacial  striae,  so  that  the  weathering- 
out  of  the  dyke  was  anterior  to  the  last  glaciation  of  the  country. 
R 
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LATER  PEGMATITES. 

In  addition  to  the  acid  rocks  resembling  sheared  pegmatites 
that  are  incorporated  with  the  gneiss,  many  veins  of  pegmatite 
appear  to  which  a  later  origin  can  be  assigned.  Some  of  them 
follow  a  direction  parallel  to  the  planes  of  foliation  of  the  flagfgy 
granulitic  gneiss,  but  others  distinctly  transgress  the  foliation 
of  the  different  members  of  the  gneiss  and  of  the  hornblende- 
schist  bands.  Many  of  them  are  well-foliated,  and  in  some  cases 
show  marked  "  augen-structure  "  with  large  **eyes"  of  micro- 
cline.  Their  foliation  is  parallel  to  that  of  the  rocks  in  which 
they  occur.  It  would  therefore  seem  probable  that  this  last 
intrusion  or  segregation  of  acid  material  began  before  the  move- 
ments that  produced  the  secondary  foliation  had  entirely  ceased, 
and  that  the  pegmatites  have  shared  in  some  cases  in  these 
movements. 

These  foliated  pegmatites  are  well  seen  on  the  Shieldaig  pro- 
montory, especially  to  the  north  and  north-west  of  the  village, 
where  they  traverse  the  bands  of  foliated  basic  rock.  The  later 
pegmatites  are  also  abundant  along  the  coast-section  on  the  north 
side  of  Loch  Shieldaig  and  on  the  Ardheslaig  peninsula.  On  the 
north  and  west  sides  of  the  latter  locality  several  veins  of  un- 
foliated  acid  rock  of  considerable  breadth  have  been  intruded 
along  the  foliation-planes  of  the  gneiss. 

NORMAL   FAULTS. 

Reference  may  here  be  made  to  the  numerous  more  or  less  par- 
allel normal  faults  which,  with  a  prevalent  north-easterly  trend, 
traverse  the  Lewisian  areas  as  well  as  the  Torridon  Sandstone 
of  this  district.  The  most  powerful  of  these  dislocations,  which 
has  determined  the  line  of  the  valley  of  the  Applecross  River, 
crosses  Loch  Shieldaig  from  Inbhirban  to  a  point  immediately 
east  of  Rudha  na  h-Airde  Glaise.  That  portion  of  its  course 
which  falls  within  the  district  now  under  description  is  of  post- 
Torridonian  age.  The  fault  throwvs  down  the  Torridon  Sand- 
stones to  the  east  against  the  Lewisian  rocks  along  the  lower 
part  of  the  Allt  an  t-Strathain,  and  again  on  the  north  side  of 
Loch  Torridon  for  a  distance  of  nearly  a  mile  along  the  bum 
that  flows  past  Alligin  Suas. 

Another  fault  which  crosses  the  district  from  a  point  on  the 
coast  half  a  mile  south-east  of  Loch  Diabaig  to  Ruadh- 
Mheallan  is  also  of  post-Torridonian  age,  and  lets  down  small 
patches  of  the  basal  grit  and  breccia  among  the  gneiss  to  the 
north  of  Loch  Diabaigs  Airde.  This  fault  appears  to  join  the 
Applecross-Libhirban  fault  along  the  eastern  slopes  of  An  Ruadh- 
Mheallan,  and  the  line  of  dislocation  can  he  further  traced 
through  the  Shieldaig  Forest  to  Bus-Bhoinn,  a  short  distance 
south  of  Loch  Maree. 

The  Lewisian  area  on  the  south  side  of  outer  Loch  Tomdon 
has  its  western  margin  defined  bv  a  fault  which  runs  southwards 
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from  Arrin-a-Chruinach  past  Loch  na  Creige,  and  brings  down 
the  Torridon  Sandstone  against  the  gneiss  which  along  the  fault 
face  fonns  a  vertical  cliflE  above  the  eastern  shores  of  that  loch. 

B.    RONA   AND   RaASAY. 

The  island  of  Rona  is  wholly  composed  of  Lewisian  gneiss, 
and  presents  the  usual  features  of  that  foi-mation.     The  elevated 

fortions  consist  of  bare  rock  alternating  with  peat  and  heather, 
n  the  low  ground  about  the  Dry  Harbour  and  Doire  na  Guaile 
small  irregSar  patches  are  cultivated  bjr  the  few  crofters  who 
inhabit  the  island,  and  used  for  growing  potatoes  and  oats. 
There  is  also  a  little  pasture  land  on  which  a  few  cattle  are 
reared,  while  trees  are  feebly  represented  by  a  small  plantation 
of  hazel  and  rowan  on  the  north  side  of  Big  Harbour. 

The  only  rocks  capable  of  representation  on  the  geological 
map  are  the  fundamental  gneissose  complex,  black  bands  or 
dykes  of  hornblende-schist,  and  two  or  three  dolerite-dykes  of 
Tertiary  age.     Pegmatite  veins  also  occur. 

The  fundamental  gneiss  is  variable  in  its  petrographical 
character,  but  the  different  types  are  not  distributed  in  such  a 
way  as  to  make  it  possible  to  represent  their  distribution  on  the 
geological  map.  The  prevailing  rock  is  a  biotite- gneiss  with 
microcline,  but  hornblende-gneisses  are  not  uncommon.  Small 
lumps  of  homblende-rock  are  occasionally  found.  Where  the 
relative  ages  of  two  masses  of  rock  belonging  to  the  same 
complex  can  be  determined,  the  more  basic  mass  is  the  earlier. 
Thus  the  veins  are  more  acid  and  the  inclusions  more  basic  than 
the  surrounding  rocks.  Definite  parallel  banding  is  by  no 
means  a  well-marked  feature  of  the  gneiss  as  a  whole,  and  when 
present  is  rarely  found  to  be  persistent  for  any  considerable 
distance.  A  few  arrows  have  been  placed  on  the  map  marking 
the  local  dip  of  the  main  foliation,  but  these  are  of  very  little 
value,  for  in  vertical  sections  dips  in  different  directions  may 
frequently  be  obser\^ed.  There  is  nothing  either  in  the  structure 
or  composition  of  the  gneiss  to  suggest  that  any  portion  of  it  is 
of  sedimentary  origin: 

The  dark  bands  of  hornblende-schist  are  the  only  portions  of 
the  Lewisian  Gneiss  which  are  capable  of  separate  representation 
on  the  geological  map.  These  are  fairly  uniform  in  petro- 
graphical character,  offering  in  this  respect  a  marked  contrast  to 
the  fundamental  gneiss.  In  the  majority  of  cases  there  is  no 
difficulty  in  separating  them  from  the  gneiss,  but  as  the  more 
basic  portions  of  the  latter  sometimes  resemble  them,  it  was 
found  difficult,  in  the  case  of  one  or  two  isolated  exposures,  to 
say  to  which  group  a  particular  rock  belonged. 

That  the  basic  hornblende-schists  or  the  original  rocks  out 
of  which  they  have  been  formed  were  later  in  date  than  large 
portions,  if  not  the  whole  of  the  mass  which  is  mapped  as 
fundamental  gneiss,  is  proved  by  the  occurrence  of  transgressive 
junctions.     Such  junctions  may  be  observed  at  the  margins  of 
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the  two  bands  to  the  left  of  the  path  leading  from  the  landing- 
stage  to  the  Lighthouse  in  the  extreme  north  of  the  island.  But 
notwithstanding  the  clear  evidence  of  transgressiye  junctions, 
there  is  on  the  whole  a  parallelism  between  the  foliation-planes 
of  the  gneiss  and  the  margins  of  the  black  bands.  Where  a 
north-west  and  south-east  strike  is  strongly  marked  the  foliation 
in  the  hornblende-schist  is  usually  parallel  with  the  junctions ; 
in  other  cases,  there  is  frequently  great  confusion  in  the  arrange- 
ment of  the  foliation.  The  thicker  the  band  the  coarser  is  the 
texture,  and  the  marginal  portions  often  have  a  finer  grain  than 
the  more  central  parts.  In  the  northern  part  of  the  island  the 
bands  dip  at  a  high  angle,  and  their  nortn-west  and  south-east 
strike  is  strongly  marked.  South  of  Big  Harbour  the  dip  is 
much  less  and  the  bands  are  in  places  horizontal,  so  that  the 
hornblende-schist  forms  much  larger  portions  of  the  surface. 
In  this  district  the  north-west  and  south-east  strike  is  lost. 

The  northern  part  of  the  Island  of  Raasay  is  mainly  a  repeti- 
tion of  the  features  seen  on  Rona.  In  the  neighbourhood  of 
Torran  the  dreary  monotony  of  the  typical  Lewisian  landscape 
is  relieved  by  small  trees  and  bushes  of  birch,  hazel,  and  willow, 
but  this  is  Que  in  a  large  measure  to  a  small  isolated  patch  of 
Torridonian  Sandstone  which  fringes  the  shore  below  the  School- 
house  and  runs  inland  in  the  form  of  a  tongue  as  far  as  Upper 
Arnish. 

The  main  divisional  planes  of  the  gneiss  often  dip  at  gentle 
angles.  There  is,  however,  on  the  whole,  a  north-west  and 
south-east  strike,  and  it  appears  as  if  the  layers  were  arranged  in 
elliptical  domes  and  troughs,  the  longer  axes  of  which  lie  in  this 
direction.  Vertical  or  nearly  vertical  jointing  is  also  strongly 
marked,  and  this  gives  rise  to  gashes,  escarpments,  and  sometimes 
actually  overhanging  cliffs.  The  zones  of  vertical  jointing  often 
run  in  a  north-west  and  south-east  direction,  and  the  separate 
joints  are  not  infrequently  occupied  by  Tertiary  dykes  of  olivine- 
dolerite.  The  gneiss  is  in  the  main  of  an  acid  type.  Biotite- 
gneiss  is  the  dominant  rock,  but  hornblende-gneiss  and  lumps  of 
hornblende-rock  are  o(!casionally  found. 

One  very  common  tyj)e  is  a  medium-grained  pink  gneiss, 
which  forms  massive  layers,  and  is  often  well  exposed  in  cliff 
faces  and  inland  escarpments.  Some  portions  of  it  are  rich  in 
biotite ;  others  are  almost  entirely  composed  of  quartz  and 
felspar.  The  two  varieties  are  arranged  in  layers  or 
**  schlieren,"  and  folding  and  puckering  are  extremely  common. 
Parallel  structure  is,  as  a  rule,  most  marked  on  faces  i-unning 
north-west  and  south-east,  puckering  and  folding  on  those  which 
run  at  right  angles  to  this  direction.  The  gneisses  of  more 
basic  character  also  show  a  differentiation  into  white  or  nearly 
white  quartzo-felspathic  ])ortions,  and  dark,  sometimes  black, 
liornblendic  portions.  The  two  varieties  show  banding  and 
])uckering  of  the  same  type  as  that  seen  in  the  pink  gneissas. 
Pegmatites  of  two  types  occur — pink  and  white.  The  pink 
pegmatites,  which  are  the  most  common,  are  associated  with  the 
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pink  gneisses,  and  merge  occasionally  into  the  quartzo-felspathic 
portions  of  these  gneisses.  Microcline  is  the  dominant  felspar, 
and  individuals  measuring  a  foot  or  more  across  may  occasionally 
be  seen. 

The  white  pegmatites  are  associated  with  the  more  basic 
portions  of  the  gneiss,  and  oligoclase  is  the  dominant  if  not  the 
only  felspar  present. 

Bands  of  hornblende-schist  are  not  so  common  in  Raasay  as 
in  Rona.  They  are  more  uniform  in  character  than  the  gneiss, 
but  the  larger  masses  show  marked  signs  of  differentiation.  The 
relations  of  these  bands  to  the  dominant  gneiss  are  not  clear, 
though  there  is  evidence  to  show  that  they  are  older  than  some 
at  least  of  the  pink  gneisses ;  for  they  are  often  cut  by  the  pink 
pegmatites,  which,  as  already  stated,  sometimes  merge  into  the 
quartzo-felspathic  portions  of  these  gneisses. 

About  150  yards  west  of  north  of  the  summit  of  Beinn  na 
h'lolaire  sill-like  masses  of  pinkish  granite  clearly  cut  across 
the  banding  of  the  biotite- gneiss.  It  is  possible,  therefore,  that 
much  of  the  pink  gneiss  which  is  mapped  as  a  portion  of  the 
Fundamental  Complex  may  be  of  later  date  than  the  hornblende- 
schist  and  of  the  same  age  as  the  gneissose  granites  of  the 
Laxford  area. 
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CHAPTER  XIV. 

LOOH  OAEEON  TO  POINT  OP  SLEAT  (SKTB). 

A.  Loch  Gabron  to  Logh  Alsh.* 

The  diBtrict  now  to  be  described  extends  from  Sgdrr  a' 
Gbaraidb  and  Glas  Bbeinn  (two  to  three  miles  north  man  tke 
Tillage  of  Loch  Carron)  southwards  across  Loch  Carron  to  the 
shores  of  Loch  Alsh.  It  difiers  in  one  important  respect  from 
the  gronnd  to  the  nortii  which  has  been  dealt  with  in  the  fore- 
ffoing  chaptersi  for  whereas  the  Lewisian  Gneiss  Mtherto 
discussed  has  lain  almost  entirely  to  the  westward  of  &e  post- 
Cambrian  thrust-planes,  and  has  not  been  displaced  by  them,  the 
rocks  now  to  be  noticed  have  all  been  affected  by  wese  move- 
ments. As  the  new  structures  thus  superinduced  upon  them  will 
be  described  in  Part  lY.  of  this  Memoir^  it  will  be  sufficient  in 
this  place  merely  to  point  out  their  general  petrographical 
diaracters  as  undoubted  portions  of  the  same  series  of  rocks 
which  have  been  the  subject  of  the  previous  chapters,  and  their 
distribution  on  the  ground. 

On  the  north  side  of  Loch  Carron  the  area  occupied  bv  these 
thrust  gneisses  between  Achnashellach  on  the  Highland  Kailway 
and  Stromeferry  amounts  to  about  twelve  square  miles.  Instead 
of  being  overlain  by  the  Torridon  Sandstone,  as  in  the  normal 
relation,  the  position  of  the  rocks  has  here  been  reversed.  The 
sandstones  and  basal  conglomerates  have  been  inverted,  and  now 
dip  under  the  older  crystalline  masses,  which  rise  into  a  lofty 
escarpment  above  them.  The  topography  of  the  ground  occupied 
by  the  Lewisian  rocks  in  this  area  resembles  that  of  many  parts 
of  the  typical  gneiss  country  further  north. 

On  Glas  Bheinn  and  Sgdrr  a'  Gharaidh  the  rocks  consist  of 
biotite  and  hornblende-gneisses  with  bands  of  hornblende-schist, 
which  evidently  represent  the  basic  dykes  in  the  unmodified 
areas  of  Lewisian  Gneiss  in  Ross  and  Sutherland,  already 
described,  for  many  of  them  still  show  intrusive  junctions. 
They  also  include  a  considerable  development  of  early  basic 
material,  composed  largely  of  gamet-amphibolite,  and  traversed 
by  massive  pink  pegmatites,  which  are  well  seen  on  the  hill- 
slope  about  a  mue  west  of  Slumbay  and  south  of  Sgdrr  a' 
Gharaidh. 

*  By  B.  N.  Peach  and  J.  Home.  The  district  here  described  is  comprised 
in  Sheets  71,  81,  and  82  of  the  Geological  Survey  Map  of  Scotland  on  the 
scale  of  (itItt)  one  inch  to  a  mile. 
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An  important  feature  of  this  displaced  mass  is  the  occurrence 
in  it  of  a  massive  sill  of  hornblende-schist,  which  with  minor 
bands  of  the  same  material  closely  resembles  the  Ben  Lair 
intrusive  sheet  north  of  Loch  Maree.  This  type  has  been  traced 
almost  continuously  from  Cearcall  Dubh,  north-east  of  Loch 
Kishom,  south  by  An  Sgdrr  to  Kyle  Strorae,  and  beyond  Strome- 
ferry  to  Gleannan  Dorch,  south  of  Duncraig.  Along  part  of  this 
line  it  forms  a  portion  of  the  prominent  escarpment  of  Lewisian 
rocks  that  overlie  the  inverted  Torridon  Sanostone.  In  certain 
places,  as,  for  instance,  on  the  hill-slope  one  mile  W.N.W.  of 
Strome  Castle  and  on  the  north-west  slope  of  Bad  d,  Chreamha, 
these  hornblende-schists  are  associated  with  flaggy  gametiferous 
mica- schists  and  rusty  brown  mica-schists,  which  appear  as  thin 
bands  folded  with  the  sill.  In  places  they  are  gametiferous, 
and  recall  certain  zones  of  the  altered  sediments  in  Gairloch  and 
at  Loch  Maree,  already  described  in  Chapter  XII. 

On  both  sides  of  Loch  Carron  all  the  Lewisian  rocks  dip  to  the 
E.S.E.  in  common  with  the  underlying  Torridon  Sandstone 
strata,  but  northwards  between  Cearcall  Dubh  and  Sgdrr  a' 
Gharaidh  the  inclination  varies  considerably. 

Both  the  hornblende-schists  and  the  biotite-gneisses  of  the 
Fundamental  Complex  are  traversed  by  pink  pegmatites  like  the 
early  basic  masses,  which,  in  places,  have  been  much  sheared  by 
the  post-Cambrian  movements.  The  accompanying  reproduc- 
tion of  a  photograph  (Plate  XXIX.)  illustrates  the  marked 
phacoidal  structure  on  a  large  scale  developed  by  the  shearing  in 
these  pegmatites  west  of  Stromeferry  Station.  A  fine  flaser 
structure  has  not  infrequently  been  developed,  and  the  felspars 
then  form  augen  in  a  mylonised  matrix. 

Between  Stromeferry  and  Glen  Dorch,  apart  from  the  finely- 
foliated  hornblende-schist  already  referred  to,  the  rocks  consist 
of  biotite  gneiss  resembling  in  part  the  Meall  Riabhach  type 
north  of  Loch  Maree,  their  general  dip  being  to  the  E.S.E.  or 
south-east.  Beyond  Glen  Dorch  towards  Loch  Alsh,  the 
Lewisian  rocks  are  highly  sheared  and  merge  into  platy 
mylonites,  the  relations  of  which  will  be  described  in  Part  IV. 

B.  Skye.* 

In  Skye  also  the  Lewisian  rocks  are  not  in  their  normal 
position  and  condition,  but,  like  those  of  Loch  Carron  and  Loch 
Alsh, of  which  they  are  a  continuation,  have  been  largely  modified 
in  structure.  They  are  confined  to  the  peninsula  of  Sleat,  where 
they  appear  in  a  number  of  detached  areas  according  to  the 

Sosition  of  the  great  thrust-planes  by  which  they  have  been 
isplaced.     The  most  easterly  of  these  lines  of  movement  or 
Moine  thrust-plane  is  followed  by  some  others  further  west,  and 

♦  By  C.  T.  Clough,  The  district  here  described  is  shown  in  Sheets  61  and 
71  of  the  Geological  Survey  Map  of  Scotland  on  a  scale  of  (tj^^tt)  one  inch  to 
a  mile. 
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the  LewiBiaii  looks  are  found  partly  on  the  Moine  thnut  and 
partly  on.  those  bdair  it.  They  are  never  covered  nnconiormaUy 
Dy  rooks  whioh  can  be  confidently  claimed  as  Torridooiany  bat 
are  frequently  folded  with  altered  sediments  like  those  of  the 
"  Moine  series  "  of  Sn&erland  and  Boss.  The  junctums  of  the 
two  groups  of  rooks,  however,  show  no  dear  evidence  of  unoon- 
fozmability,  or  of  the  intrusion  of  the  one  group  into  &e  other. 

The  most  northerly  enKMmre  dE  Lewiaian  rocks  anpears  in 
Dun  Buaige,  a  mile  south  of  Kyleihea,  and  is  only  SoO  yards 
lonff.  Tlie  rooks  are  there  all  in  a  m^^lonised  condition,  and  are 
probably  separated  from  Ihe  Tonidonian  rocks  on  the  east  side 
by  a  thrust.  The  other  areas  of  them  lie  to  the  soulh-west  of 
Looh  na  DaJ,  one  sjid  a  half  miles  north  of  Isle  Omsar.  Of 
time  much  tiie  largest  area  strikes  from  Camas  a'  Mhuilt  to 
Aird,  near  the  Point  of  Sleat,  a  distance  of  about  11  miles,  and 
reaches  a  breadth  of  nearly  two  miles  and  a  half.  Here  the  rocks 
lie  upon  tihie  Moine  thrust.  Most  of  the  surface  of  this  area  is 
smooth,  showing  few  rock-exposures  save  on  the  coast  and 
between  Knock  Bay  and  Isle  Onumr.  The  material  of  some  of 
these  rocks  is  in  many  places  so  son  that  it  can  be  scooped  out 
with  the  hand.  From  their  general  tendency  to  decomposition, 
the  Skye  gneisses  have  ffiven  rise  to  a  much  smoolher  form  of 
surface  thui  is  found  in  uie  undisturbed  gneiss  tracts  of  the  west 
of  Sutherland  and  Boss. 

The  giLoiaB  below  or  to  the  north-west  of  the  Moine  thrust  lies 
on  the  Tarskavai^,  Garadal,  and  Lamarscaig  thrusts.  It  is  neatly 
mylonised,  and  we  boundary  between  it  and  the  adjacent  Moine 
rocks  is  sometimes  a  little  uncertain.  The  most  extensive  tract 
occurs  on  the  Lamarscaig  thrust,  and  is  about  two  miles  long  and 
three-quarters  of  a  mile  broad  at  the  maximum.  On  the  west 
side  the  boundary  with  the  Moine  rocks  is  repeatedly  folded  and 
shows  no  evidence  of  thrusting.  Near  the  west  limb  of  the 
Caradal  thrust  small  exposures  of  rock  appear  in  several  places, 
while  a  larger  exposure  extends  from  three-quarters  of  a  mile 
E.N.E.  of  fiudh'  an  lasgaich  to  200  yards  of  Geur  Rudha. 

The  gneiss  on  the  Tarskavaig  (south  of  Loch  Eishort)  thrust 
makes  an  almost  continuous,  but  usually  narrow,  strip  along  the 
outcrop  of  the  thrust.  On  the  coast  between  Oillean  and  about 
1500  yards  south-west  of  Gillean  it  is  sometimes  only  a  few 
inches  in  breadth.  The  best  sections  occur  on  the  coast  two- 
thirds  of  a  mile  E.N.E.  of  the  foot  of  Loch  Nighean  Fhionnlaidh 
(one  mile  south  of  Tarskavaiff  Bay)  and  on  the  hillside  between 
Gillean  Bum  and  the  foot  of  Loch  a'  Ghlinne.  At  the  former 
place  the  breadth  of  outcrop  is  about  150  yards,  and  in  the  latter 
it  varies  from  30  yards  to  nearly  a  quarter  of  a  mile. 

The  gneiss  on  the  south-east  side  of  the  Moine  thrust  includes 
two  classes  of  rocks,  one  later  than  and  intrusive  in  the  other. 
But  the  later  rocks,  in  consequence  of  the  folding  and  deforma- 
tion which  they  have  suffered,  are  not  readily  separable  from 
the  earlier. 

Nearly  a  quarter  of  a  mile  north-east  from  the  west  end  of  Ard 
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Thurinish,  near  the  Aird  of  Sleat,  a  small  exposure  of  calcareous 
cUoritic  schist  appears,  partly  folded  with  and  partly  faulted 
against  "  Moine  rocks."  It  contains  two  lenticles  of  impure 
marble  four  or  five  feet  thick.  On  the  coast  700  yards  north- 
east from  Ard  Thurinish  some  calcareous  bands  about  six  inches 
thick  can  be  seen. 

The  axial  planes  of  the  folds  in  the  Lewisian  Gneiss  of  Skye 
usually  strike  north-east  and  dip  to  south-east  at  gentle  angles, 
but  sometimes  they  strike  nortli-west. 

Although  the  Lewisian  rocks  of  Skye  have  been  so  affected  by 
post-Cambrian  movements  as  to  have  lost  most  of  their  original 
characters  and  might  therefore  be  most  appropriately  dealt  with 
in  Part  IV.,  where  the  effects  of  these  movements  will  be  more 
particularly  considered,  an  account  of  them  by  way  of  illustration 
may  perhaps  be  appropriately  inserted  as  the  concluding  portion 
of  this  chapter,  which  ends  the  detailed  description  of  the 
undisturbed  or  normal  type  of  these  rocks. 

In  the  following  description  attention  will  first  be  drawn  to 
those  representatives  of  the  Lewisian  rocks  which  lie  to  the  north- 
west of,  and  therefore  under,  the  great  Moine  thrust  and  next  to 
those  that  come  above  it. 

At  the  Dun  Ruaige  exposure  (one  mile  south  of  Kylerhea) 
most  of  the  mylonised  rock  is  flaggy,  of  a  greenish-grey  colour, 
and  with  lustrous  foliation  planes  which  generally  dip  E.S.E., 
and  are  crossed  by  stretching  lines  running  in  the  same  direction. 
The  stretching  is  here  much  more  pronounced  than  in  the 
adjacent  Torridonian  rocks.  That  the  bulk  of  the  mylonised 
rocks  further  south  have  been  formed  from  the  Lewisian  Gneiss 
is  probable,  partly  from  their  similarity  to  rocks  which  in  other 
districts  are  known  to  be  sheared  forms  of  this  gneiss,  and  partly 
from  the  character  of  occasional  less-sheared  patches.  Nowhere, 
however,  can  the  original  relations  of  the  different  parts  of  the 
mylonised  rock  be  ascertained,  and  the  rocks  of  the  early  complex 
and  of  later  intrusions,  if,  as  usual,  these  originally  existed  here, 
cannot  be  separated. 

One  of  the  commonest  rocks  is  soft,  flaggy,  and  of  a  yellowish- 
green  colour,  with  occasional  red  felspathic  spots  and  streaks. 
It  is  well  represented  near  Gillean  and  Tarskavaig.  Elsewhere 
the  red  parts  are  more  conspicuous  and  mixed  witn  the  greener 
ones  in  thin  parallel  bands,  from  a  quarter  to  a  few  inches  thick, 
as  may  be  seen  on  the  hillside  half  a  mile  N.N.E.  and  two-thirds 
of  a  mile  east  of  the  outlet  of  Loch  Sgurr  na  Caorach  (about  three 
miles  S.S.E.  of  Tarskavaig  Bay).  The  green  bands  occasionally 
contain  pieces  of  hornblende,  rarely  exceeding  a  pea  in  size,  or 
of  hornblende-schist,  as  in  the  area  east  and  north-east  from 
Loch  SgCirr  na  Caorach,  where  some  of  the  pieces  are  as  much  as 
three  feet  long.  Their  occurrence,  and  the  frequent  contrasts  of 
red  and  green  colours — colours  which  are  rare  in  the  '*  Moine 
rocks  " — indicate  a  probable  derivation  from  Lewisian  Gneiss. 

About  1000  yards  N.N.E  of  the  outlet  of  Loch  Sgilrr  na 
Caorach,  and  for  three-quarters  of  a  mile  still  further  to  the  north- 
east, the  commonest  rock,  which  weathers  with  a  dirty-white 
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eolonTy  but  Laa  a  ffreeniak-grey  fracture,  consists  of  thin  rarallel 
streaks  and  lentimes  of  qnartiy  mixed  with  others  of  a  lumej- 
yellow  or  yeUowish-green  ooloiir.  A  thin  slice  taken  froin 
a  specimen  (7333)  obtained  rather  more  than  half  a  mile  N.N.E. 
of  lioch  Lamarscaig  oatlet,  shows  the  yellow  bands  to  be  oom- 
posed  of  small  epidote  grannies,  witii  ronnded  outlines,  and  to  be 
repeatedly  croned,  almost  at  right  angles,  by  thin  onarts-Teins 
wmch  never  extend  far  outside^  them.  If  the  epidotic  layers 
have  been  formed  from  f elspathic  layeiB  there  mnst  have  been  a 
shrinkage  of  vdnme*,  and  the  little  qnarte-veins  have  perhaps 
been  formed  along  contraction  cracks. 

In  €Kllean  Bnm,  a  little  more  than  two-thirds  of  a  mile 
E.8.E.  of  Oillean,  a  dark-grey  schist,  with  silvery  white  nnctnons 
snifaces,  encloses  more  massive  eye-like  portions,  as  much  as  a 
foot  broad,  chiefly  composed  of  small  grains  of  a  yellowish-green 
pyroxene  (7336). 

The  planes  of  the  mylonised  rocks  are  repeatedly  folded  and 
contorted,  but  perhaps  most  markedlv  so  east  from  Loch  S^rr 
na  Caorach.  A  little  more  than  half  a  mile  slightly  north  of 
east  of  the  loch  the  axial  planes  of  the  folds  are  occasionally 
waved,  now  dipping  east  md  now  west.  Near  many  of  the 
basaltic  and  other  c^es  the  surface  of  the  laminae  become  less 
lustrous,  and  those  which  are  green  become  dark-grey,  and  are 
diflScult  to  distinguish  from  the  altered  phyllites  of  the  ''  Moine 
series,"  or  from  Torridonian  shales. 

The  ^eiss  which  lies  above  the  Moine  thrust  is  chiefly 
^Tanulitic,  and,  excepting  at  a  few  places  chiefly  near  the  thrust, 
it  has  not  a  mylonised  aspect.  The  granules  of  the  water-clear 
minerals  are  often  larger  than  those  in  the  mylonised  rocks  to 
the  north-west ;  many  of  the  flakes  of  mica  and  chlorite  are  also 
larger.  In  this  gneiss  many  bands  may  be  observed  which 
closely  resemble  types  of  Lewisian  gneiss  in  other  unthrust  areas. 
The  commonest  iype  of  rock  is  fissile  and  granulitic,  its  colour 
varying,  with  the  amount  of  chlorite,  from  dark-green  to  pale- 

Jellowish-grey.  The  green  colour  sometimes  prevails  in  bands 
alf  an  inch  thick,  but  is  usually  subordinate  to  the  other.  The 
surfaces  of  the  foliation  planes  are  lustrous,  with  small  flakes  of 
mica  or  chlorite,  and  occasionally  with  larger  flakes  which  have 
their  longer  axes  parallel.  In  Knock  Bay  (three  miles  S.S.W.  of 
Isle  OmsayVthe  longer  axes  strike  nearly  east  and  west,  but  half 
a  mile  S.S.W.  of  Cnoc  Malagan  they  strike  north-west.  The 
pale-grey  parts  contain  parallel,  thin,  nearly  transparent  streaks 
which  consist  chiefly  of  quartz,  while  the  rest  of  the  rock  contains 
much  felspar.  Needles  of  black  actinolite,  often  half  an  inch 
long  and  crossing  the  foliation,  are  extremely  abundant  at  some 
places. 

This  type,  mixed  with  more  gneissose  pink  or  pale-grey  rocks 
and  occasional  bands  of  hornblende-schist,  forms  the  greatest 

*  See  F.  Becke,  **Ueber  Beziehungen  zwischen  Dynamometamorphose 
und  Molecularvolumen,"  NeuM  Jahrbuch,  Band  II.,  p.  182,  1896. 
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part  of  the  area  east  of  the  road  between  Isle  Ornsay  and  Arma- 
dale. As  it  disintegrates  with  great  rapidity^  it  has  presumably 
given  rise  to  the  smooth  features  so  characteristic  of  most  of  the 
Skye  gneiss. 

Near  a  line  drawn  between  Isle  Ornsay  and  Knock  the  flaggy 
soft  rocks  give  place  south-eastwards  to  more  gneissose,  less  finely 

S'anulitic  types.  In  Knock  Bay,  near  the  mouth  of  Allt  Gleann 
oravaig,  the  change  between  the  two  types  is  somewhat  sudden. 
East  of  the  burn  acid  and  basic  bands  alternate,  the  former  being 
hard  and  containing  subparallel  broad  streaks  of  quartz,  which 
are  not  always  properly  granulitic,  together  with  many  needles 
of  black  actinolite  and  large  flakes  of  black  mica  and  chlorite, 
which  repeatedly  cross  the  banding.  Other  areas  furnish 
evidence  that  similar  actinolites  have  been  developed  after  the 
rocks  were  sharply  folded.  For  instance,  a  quarter  of  a  mile 
south-west  from  Sgeir  Ramasgaig,  the  early  banding  is  crossed 
by  a  second  foliation  parallel  to  the  axial  planes  of  fold,  and 
most  of  the  actinolitcvs  have  been  developed  along  the  second 
foliation. 

Bands  of  hornblende-schist  are  abundant.  Some  that  are 
irregular  in  character  and  mixed  with  white  streaks  and  opal- 
escent quartz  strings  are  probably  parts  of  the  original  complex. 
Examples  of  them  may  be  seen  on  the  sides  of  Ob  Snusaich  and 
in  the  south-eastern  and  central  parts  of  Ard  Gbunel,  south  of 
Isle  Ornsay.  They  are  accompanied  by  smaller  lenticular  masses 
which  are  swathed  round  by  lamime  of  acid  gneiss. 

South-west  from  Armadale  the  rocks  are  granulitic  and  flaggy, 
and  generally  show  thin  alternating  red  and  green  bands. 
Extensive  exposures  of  shivery  chloritic  schist  appear  in 
many  places,  but  hornblende  is  rare.  Here  and  there, 
not  far  above  the  Moine  thinist — ^for  instance,  in  Allt  Bealach  na 
Coise,  about  300  yards  above  the  road,  and  on  iho  south  side  of 
Allt  Duisdale,  about  1000  yards  above  the  road — the  gneiss 
appears  partially  mylonised,  and  contains  small  eyes  of  felspar 
about  the  size  of  mustard  seeds.  Still  nearer  the  thrust,  and 
nearly  parallel  to  it,  occasional  linens  of  crush  break  up  the 
earlier  structures  of  the  rock.  They  can  be  seen  most  distinctly 
on  the  south  side  of  Allt  Duisdale  between  a  half  and  three- 
quarters  of  a  mile  above  the  bridge. 

Between  Knock  and  Camas  Croise  a  band  of  rather  hard 
impure  serpentine  which  weathers  into  an  orange  or  buff  colour 
strikes  north-east,  and  can  be  traced  more  than  a  mile.  It  is 
seen  best  on  the  west  side  of  Loch  Baravaifi:,  where  it  forms  three 
hillocks*.  Its  greatest  width  is  about  60  yards.  While  in  most 
places  it  is  massive,  foliated  varieties  of  it  also  occur.  It  con- 
tains abundant  spots,  about  the  size  of  peas,  of  ferriferous 
carbonate,  and  also  strings  of  this  mineral  mixed  with  magnetite. 
In  some  places  the  strings  of  magnetite  are  six  inches  thick. 

*  On  the  top  of  one  of  these  there  is  a  Dun,  not  marked  in  the  Ordnance 
Maps. 
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Mametite  also  forms  thin  laminae  running  with  the  foliation,  as 
well  as  scattered  gjains  and  clots  in  the  rock  mass.  No  good 
junction-sections  are  visible,  but  the  relation  of  the  serpentine 
to  a  folded  band  of  hornblende-schist  on  its  north-western  side 
warrants  the  conclusion  that  the  former  rock  is  intrusive. 

The  hornblende-schist  on  which  Isle  Omsay  lighthouse  stands 
is  in  places  very  coarse  in  texture  and  contains  hornblende 
crystals  two  inches  long,  also  abundant  garnets,  which  are  some- 
times as  large  as  beans  and  united  in  bands  an  inch  or  two  thick. 
It  strikes  E.N.E.  Fifty  yards  north-east  from  the  lighthouse 
the  bands  of  acid  gneiss  with  basic  knots,  a  few  feet  away  from 
the  schist,  strike  against  it  at  a  considerable  angle,  but  as  they  ap- 
proach it  they  twist  into  parallelism  with  it  and  become  thinner, 
in  the  way  so  often  seen  near  the  basic  dykes  of  the  Scourie 
district.  On  the  headland  700  yards  south-east  of  Camas  Croise 
Pier,  south  of  Isle  Omsay,  a  folded  hornblende-schist  of  rather 
uniform  character  shows  on  its  north-eastern  side  a  somewhat 
similar  junction  with  an  acid  gneiss  containing  basic  knots. 
Some  of  the  hornblende-schists  on  the  coast  to  the  south-east  of 
Camas  a'  Mhuilt  transgress  the  gneiss  to  a  small  extent.  That 
the  transgression  is  not  more  marked  may  be  due  to  the  way  in 
which  the  rocks  were  dragged  at  the  time  they  were  folded  into 
isoclines  with  limbs  hading  south-east. 

Perhaps  the  thickest  pegmatites  are  some  unfoliated  veins  in 
a  hornblende-schist  at  ine  top  of  a  scar  300  yards  north-east  of 
Loch  nan  Dubhrachan,  about  two  miles  south-west  of  Isle 
Omsay.  The  hornblende-schist  at  Isle  Orusay  lighthouse  con- 
tains red  pegmatites  a  foot  or  two  thick  and  without  foliation. 
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TORRIDONIAN. 


CHAPTER  XV. 
DISTRIBUTION  AND  GENERAL  CHARACrERISTICS.* 

Area  aiid  Scenery. — The  rocks  included  in  the  Torridonian 
series  present  a  striking  contrast  to  those  of  the  Lewisian  gneiss, 
inasmuch  as  they  consist  mainly  of  red  sandstones  and  con- 
glomerates which  over  much  of  tneir  extent  are  gently  inclined 
or  horizontal.  They  stretch  in  a  N.N.E.-S.S.W.  direction  along 
the  western  sides  of  the  counties  of  Sutherland  and  Ross,  form- 
ing a  more  or  less  broken  belt  that  runs  for  115  miles  from  Cape 
Wrath  to  the  Point  of  Sleat  in  Skye,  and  attain  a  maximum 
breadth,  measured  between  Gairloch  and  Strathcarron,  of  about 
20  miles.  In  the  extreme  north  of  Sutherland  they  occupy  the 
greater  part  of  the  wild  region  lying  between  Cape  Wrath  and 
Loch  Inchard.  Further  south  they  occur  in  disconnected 
patches,  forming  the  island  of  Handa,  the  flat  promontory  of  the 
Khu  Stoer,  and  the  strange  isolated  peaks  of  Quinag,  Canisp, 
and  Suilven  that  rise  on  either  side  of  Loch  AssjTit.  Across  the 
northern  boundar}?-  of  Ross-shire  they  are  more  extensively 
developed,  since  they  cover  the  whole  of  the  Coigach  district  and 
the  promontory  between  the  two  Lochs  Broom,  whence  they 
stretch  southwards  in  a  gradually  diminishing  belt  to  the  head  of 
Loch  Maree,  where  they  rise  into  the  imposing  mass  of  Slioch ; 
while  another  large  isolated  area  in  the  west  forms  the  Rudha 
Mdr  and  the  low  ground  on  either  side  of  Loch  Ewe. 

But  it  is  in  the  districts  of  Gairloch,  Torridon,  and  Applecross 
that  this  fonnation  reaches  its  maximum  development,  for  it 
extends  in  almost  unbroken  continuity  for  twenty  miles  eastwards 
from  the  shores  of  the  Applecross  peninsula  into  Strathcarron. 
Nowhere  are  its  sandstones  more  characteristically  developed 
than  in  the  mountainous  country  that  surrounds  the  head  of 
Upper  Loch  Torridon,  a  region  which  sugo-osted  the  appropriate 
name  of  Torridon  Sandstone,  first  applied  to  these  rocks  by 
Professor  Nicol.  The  Applecross  mountains,  with  their  colossal 
escarpments  and  huge  precipitous  corries,  likewise  display  on  the 
grandest  scale  the  characteristic  scenery  of  these  rocks.  (vSee 
Plate  III.) 

*  By  L.  W.  Hinxman,  with  notes  })y  B.  N.  Peach  and  E.  Greenly. 
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The  mott  southerly  extension  of  recognisable  Torridoniaii 
strata  deteoted  up  to  this  time  on  the  mainland  occupies  the 
promontoxY  between  Loch  Carron  and  Loch  Alsh,  and  forma  a 
narrow  stnpe  iJong  the  eastern  shore  of  the  Kyle  Bhea.  Across 
the  Kyle  theT  pass  into  the  Island  of  Skje^  and  are  continued 
southwards  through  tibie  peninsula  of  Sleat.  ^  That  they  once 
covered  a  far  wider  space  than  that  to  which  they  are  now 
restricted  is  shown  by  the  distribution  of  small  outlying  areas  of 
these  rocks  among  the  Western  Isles.  They  form  the  central 
portion  of  Baasay,  the  greater  part  of  Scalpay,  the  Growlin 
Idands,  Soay,  and  the  northern  half  of  Bum. 

The  greater  part  of  the  ground  coTcred  by  the  Torridonian 
series  is  essentially  a  mountain  region.  The  mc^  striking  features 
(rf  the  sceneiy  of  the  North-West  Highlands  are  due  to  the  long 
line  of  red  sandstone  mountains  that  flank  the  western  sea- 
board of  Sutherland  and  Boss.  At  the  northern  end,  though  the 
Torridonian  bcdt  begins  with  the  comparatively  low  hills  of  the 
Parph,  it  plunges  into  the  Atlantic  in  a  mamificent  range  of 
mural  cli&  along  the  northern  coast  near  Cape  Wrath.  Further 
south  it  reaches  heights  of  1^00-2700  feet  in  the  Aa^t  and 
Coigach  districts,  and  culminates  south  of  Loch  Broom  in  the 
ahapely  cones  of  An  Teallach  in  Dundonnell  (3483  feet)  and 
Idathach,  at  the  head  of  Loch  Torridon  (3456  feet). 

Most  of  these  hills  have  a  uni(jue  personality  that  at  once 
distinguishes  them  from  the  ordinaiy  mountain-forms  found 
among  the  metamorphic  rocks  of  the  Highlands.  They  rardy 
coalesce  into  a  continuous  ran^,  but  rather  tend  to  stand  out  in 
more  or  less  detached  masses  isolated  from  their  fellows.  This 
isolation  is  most  complete  in  the  mountains  of  Assynt,  where  the 

freater  part  of  the  sandstone  formation  has  been  removed  by 
enudation,  leaving  such  solitary  monolithic  forms  as  the  well- 
known  and  often-described  peaks  of  Quinag,  Canisp,  and 
Suilven*.  (Plate  I.)  The  successive  stages  in  the  process  of 
sculpture  may  be  impressively  traced  from  south  to  north  along 
the  Torridonian  belt.  Almost  the  first  stage  may  be  seen  where 
a  portion  of  a  high-level  table-land  is,  as  it  were,  just  beginning 
to  be  detached  as  a  separate  mountain,  such  as  Bheinn  Bhkn  of 
Applecross.  A  further  step  is  reached  in  such  a  mountain  as 
Liathach,  separated  on  every  side  by  deep  glens  from  its  neigh- 
bours, but  still  forming  part  of  a  closely-serried  group  of  similar 
masses.  This  individualisation  becomes  more  and  more  marked 
towards  the  north  until  we  reach  completely  isolated  ridges  and 
pyramids  of  sandstone  standing  alone  on  the  bare  platform  of 
gneiss,  as  in  the  long,  narrow,  wall-like  mass  of  Suilven,  with  its 
crest  deeply  cleft  into  successive  peaks  by  gullies  that  have  been 

♦The  peculiar  scenery  of  the  Torridon  Sandstone  mountains  has  been 
referred  to  by  various  writers,  particularly  by  Macculloch — Oeology  of  the 
Western  Ides,  vol.  ii.,  p.  90  et  aeq, ;  Macculloch— -Z^i^er-t  to  Sir  Walter  Scott, 
vol.  ii.,  p.  344  et  seq. ;  and  by  Hugh  Miller— T/w  Old  Red  Sandstone,  22nd 
edit.  (1879),  p.  63;  ibid,,  On  the  Red  Sandstone,  Marble,  and  Quartz  Deposits 
ofAsnjnt,  p.  328  et  seq.  It  is  more  fuUy  described  in  Sir  Archibald  Geikie's 
Scenery  of  Scotland,  3rd  edit.,  pp.  80,  127,  222,  246,  505,  508. 
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carved  out  along  vertical  joints  or  lines  of  fault.  But  the  process 
of  decay  still  continues,  and  various  stages  in  the  degradation 
and  demolition  of  the  isolated  sandstone  cones  and  Fvramids  can 
be  followed,  as  in  the  shattered  knife-edge  of  Stack  Polly,  which 
has  been  splintered  into  fantastic  pinnacles,  and  is  now  obviously 
wasting  down  to  the  general  level  of  the  surrounding  country. 
It  is  thus  manifest  that  these  mountains  remain  as  only  the 
scattered  fragments  of  a  great  formation  which  must  once 
have  risen  much  higher  and  extended  much  further  than  it 
does  now. 

The  denuding  forces,  acting  on  a  series  of  rocks  very 
homogeneous  in  composition  and  arranged  in  gently-inclined  or 
horizontal  strata,  tend  to  produce  outlines  at  once  simple  and 
massive  and  more  or  less  architectural  in  form.  Hence  the 
characteristic  features  of  these  sandstone  mountains  appear  in 
regular  cones,  rounded  bastions  and  buttresses,  and  flat- topped 
mural  precipices,  while  the  parallel  lines  of  bedding  which  may 
be  traced  from  base  to  summit  of  the  cliffs  look  like  piles  of 
Cyclopean  masonry.  Where  the  strata  are  horizontal  or  nearly 
so,  and  are  traversed  by  strong  vertical  joints  or  faults,  the 
mountains  assume  on  everj'  side  more  or  less  precipitous  shapes 
and  rise  abruptly  in  terraced  escarpments  or  round  castellated 
piles  of  flat  cake-like  masses,  separated  from  each  other  and 
trenched  by  deep  cotdoirs  or  rock-chimneys. 

Along  the  landward  side  of  the  area,  where  the  dip  is  usually 
regular  and  inclined  gently  towards  the  east,  the  escarpments 
Icok  westward  and  north-westward  to  the  sea,  while  the  slopes 
follow  the  general  direction  of  the  dip.  The  latter,  however, 
are  rarely  for  any  distance  dip-slopes,  the  general  angle  of  the 
hillsides  being,  as  a  rule,  greater  than  the  inclination  of  the 
strata.  The  smooth  regular  profile  as  seen  from  a  distance  seems 
often  to  be  that  on  which  the  covering  of  Cambrian  quartzite  that 
has  recently  been  stripped  off  them  was  laid  down.  A  closer 
examination  of  these  slopes  shows  also  that  their  smoothness  is 
more  apparent  than  real,  seeing  that  they  consist  of  a  series  of 
alternating  dip-slopes  and  basset  edges,  which  give  rise  to  the 
successive  low  terraces  that  follow  one  another  in  parallel  lines 
along  the  hillsides,  and  form  one  of  the  most  characteristic  features 
of  Torridonian  scenery.  On  the  hi^h  ground  these  terraces 
are  usually  bare  and  strewn  with  boulders,  but  lower  down  they 
become  masked  under  a  covering  of  thin  peaty  soil  and  rough 
herbage  that  gradually  soften  down  their  outlines  into  a  uniform 
slope. 

Reference  has  already  been  made  to  the  deeply-incised  features 
produced  on  the  mountain  sides  by  the  vertical  joints.  These 
joints  also  play  an  impoi-tant  paii;  in  determining  the  course  of 
the  streams.  When,  in  the  lower  part  of  their  course,  streams 
strike  a  joint,  they  often  follow  its  trend  as  a  line  of  least 
resistance  for  a  considerable  distance.  They  have  thus  been 
enabled  to  erode  deep  and  narrow  chasms  with  perpendicular 
sides  which  may  run  for  half  a  mile  or  more  in  an  absolutely 
straight  line.     These  miniature  canons  are  also  a  marked  feature 
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of  the  eastern  schists,  where  those  rocks  most  closely  resemble 
the  Torridon  Sandstone  in  its  modified  form.  Besides  these 
stream-gorges,  the  lines  of  fracture  have  given  rise  to  dry  gullies 
— locally  known  as  "  clashes  " — ^which  can  often  be  traced  for 
long  distances,  and  even  across  existing  watersheds.  Similar 
features  are  also  produced  bv  the  weathering-out  of  the  less- 
resisting  igneous  material  oi  intrusive  dykes.  Much  of  the 
characteristic  coast-scenery  of  the  north  and  west  of  Sutherland 
and  Ross  is  due  to  the  way  in  which  the  Torridonian  rocks  yield 
to  the  forces  of  marine  and  subaerial  denudation.  The  hori- 
zontal and  evenly-bedded  strata,  cut  by  vertical  joints,  rise  in 
long  lines  of  mural  cliff,  which  by  the  action  of  the  waves  along 
these  joints  are  hollowed  out  into  caves  and  deep  chasms  known 
as  "  gloups  "  or  **  gyoes."  These  characteristic  features  are 
strikingly  displayed  on  the  range  of  sandstone  precipices  to  the 
east  of  Cape  Wrath*. 

An  increase  in  the  general  angle  of  dip  produces  a  correspond- 
ing change  in  the  scenery  of  the  Torridonian  rocks.  Where  the 
inclination  of  the  beds  exceeds  that  of  the  hill-slopes  it  gives  rise 
to  a  series  of  parallel  rib-shaped  features,  determined  by  the  out- 
crops of  successive  beds  of  sandstone,  with  intervening  hollows. 
The  type  of  scenery  thus  produced  is  much  more  rugged  and 
irregular  than  that  which  prevails  in  the  normal  denuded  plateau 
area. 

The  various  aspects  of  the  Torridonian  landscape  here 
described  are  all  subject  to  the  well-known  modifications  due  to 
glacial  action.  These  modifications  are  naturally  most  apparent 
on  the  lower  hill-slopes  and  in  the  valleys,  where  the  roches 
mmitonnees  and  the  wonderfully  fresh  appearance  of  the  polished 
and  grooved  surfaces  of  bare  sandstone  cannot  fail  to  strike  the 
most  casual  observer. 

Lithohcjj/  and  Stratujra})hy, — The  prevalent  lithological  and 
stratiLrrapliical  features  of  the  Torridoiuan  series  are  the 
uniformity  of  composition  and  fresh  appearance  of  the  rocks,  and 
the  reo-iilaritv  and  ffenerallv  undisturbed  character  of  their  dis- 
pasitioTi.  Indeed,  the  observer  who  studies  these  rocks  in  the 
unmoved  area  west  of  the  great  line  of  dislocation  finds  it  difficult 
to  realise  that  such  unaltered  sediments,  which  he  sees  resting 
almost  in  the  position  in  which  they  were  originally  laid  down, 
are  the  oldest  recognisable  sedimentary  deposits  in  the  British 
Isles. 

The  great  bulk  of  the  formation  consists  of  more  or  less  coarse- 
grained arenaceous  sediments  in  the  fonn  of  felspathic  grits  and 
sandstones  (arkose),  with  occasional  thin  intercalations  of  fine- 
grained micaceous  shale  and  sandstone.  Coarse  anjjrular  breccia 
occurs  as  a  local  base,  and  numerous  bands  of  pebblv  grit,  con- 
glomerate, and  scattered  pebbles  are  found  at  different  horizons, 
while  the  whole  series  is  characterised  by  false  bedding  and  other 
signs  of  current  action.  A  slight  decrease  in  the  coarseness  of 
the  material  is  perceptible  towards  the  southern  limits  of  the 
area,  accompanied  by  a  corresponding  increase  in  the  number 

*  Scenery  of  Scotland,  p.  80. 
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and  thickness  of  the  finer  bands  intercalated  with  the  arkose. 
In  the  central  portion  of  the  belt,  where  they  are  best  developed, 
the  arkoses  reach  a  thickness  of  6000  feet,  pointing  to  a  long- 
continued  uniformity  in  the  conditions  of  deposit. 

From  the  nature  of  the  rocks  it  may  be  inferred  that  the 
conditions  of  deposit  were  probably  those  of  a  rapid  accumulation 
in  shallow  water  near  a  shore  line,  subject  to  violent  currents  and 
the  influx  of  flood  or  stream-borne  materials,  with  occasional 
intervals  of  quiescence  during  which  the  finer  sediments  were 
laid  down ;  while  the  peimanence  of  these  conditions  may  be 
accounted  for  by  a  long-continued  subsidence,  taking  place  con- 
temporaneously and  at  the  same  rate  with  the  deposition  of  the 
sediments.  The  remarkable  freshness  of  the  felspars  in  the 
arkose  points  to  a  disintegration  of  the  rocks,  carried  on  at  a 
more  rapid  rate  than  the  decomposition  due  to  chemical  action. 
It  would  also  seem  to  indicate  cold  climatic  conditions  accom- 
panied by  periodic  fioods  of  great  intensity. 

Both  at  the  top  and  bottom  of  the  formation  the  rocks  are 
finer-grained  and  more  argillaceous  in  character,  and  include  a 
considerable  thickness  of  shales  and  flagstones  with  calcareous 
bands.  As  perhaps  a  great  part  of  the  highest  visible  group  of 
the  Torridonian  series  had  been  removed  by  denudation  previous 
to  the  deposition  of  the  overlying  Cambrian  strata,  the 
argillaceous  and  calcareous  portions  of  the  whole  may  originally 
have  borne  a  much  larger  proportion  to  the  grits  and  sandstones 
which  make  up  by  far  the  greater  part  of  what  is  now  left  of  the 
formation.  The  rain-pitted  and  sun  cracked  surfaces  of  the 
shales  and  mudstones  seen  on  Loch  Torridon  and  elsewhere  show 
that  the  fine  sediments  of  the  lowest  group  are  shore  deposits,  and 
cannot  be  regarded  as  due  to  deeper-water  conditions. 

The  base  of  the  Torridonian  series  is  usually  formed  of  a  con- 
glomerate or  breccia,  sometimes  exceedingly  coarse  in  texture, 
and  derived  from  the  Lewisian  rocks  in  the  immediate  vicinity. 
In  one  instance,  on  the  north  side  of  Loch  Maree,  it  has  been 
observed  that  the  blocks  in  the  conglomerate  have  come  from  the 
hornblende-schist  ridge  of  Ben  Lair,  and  may  have  travelled  a 
distance  of  three  miles.  The  conglomeratic  base  appears  to  be 
a  local  deposit  not  confined  to  any  one  definite  stratigraphical 
horizon,  but  appearing  on  successive  levels  for  two  or  three 
thousand  feet  upward  from  the  base  of  the  whole  series,  according 
to  the  extremely  accentuated  surface  of  the  subsiding  region  of 
gneiss  on  which  the  Torridonian  foimation  was  laid  down. 

Leaving  out  of  account,  however,  these  coarse  basal  deposits,  an 
examination  of  the  materials  of  the  Torridonian  series  leads  to 
the  concluvsion  that  they  have  in  great  part  been  derived  from 
rocks  not  now  visible  in  the  region.  The  epidotic  grits  and 
other  members  of  the  lowest  zone  contain  material  such  as 
oligoclase  felspar,  that,  like  the  breccias,  may  have  been  derived 
from  local  sources.  But  a  microscopical  examination  of  the 
sandstones,  which  make  up  the  main  mass  of  the  series,  shows 
that  microcline,  in  a  wonderfully  fresh  condition,  forms  an 
abundant  constituent  of  and  is  the  dominant  felspar  in  these 
rocks.  Our  knowledge  of  the  lithological  characters  of  the 
8 


274 


SerieB. 


ffneias  as  dereloped  in  the  North- West  Highlands  estaUishes  the 
net  that  oyer  we  greater  part  of  the  area  mioiocline  does  xiot 
predominate,  and  only  occurs  in  any  ainindance  in  the  district 
between  Cape  Wrath  and  Loch  Laxford,  where  granitic  gneisses 
and  pegmatites  are  largely  deyeloped.  Except  in  the  loou  baud 
breccias,  pebbles  or  even  recognisable  fra^ents  of  Lewisian 
Ghieiss  are  rarely  met  with.  Hence  we  may  cimclude  that,  while 
the  existence  ox  a  fiurther  extension  of  rocks  of  the  Gape  Wrath 
type  to  the  north  may  haye  to  some  extent  supplied  this  charac- 
teristic constituent  of  the  Torridon  Sandstones,  it  cannot  haye 
been  deriyed  from  the  bulk  of  the  Lewisian  Gneiss  as  we  now 
know  it  (m  the  mainland. 

The  pebbles  that  occur  so  abundantly  throughout  the  arkose 
series  afford,  howeyer,  the  strongest  proof  of  tne  foreign  origin 
of  most  of  the  Torridonian  sediments.  As  a  detailed  description 
of  the  }>ebbles  from  yarious  localities  will  be  found  in  Chapter 
XYI.,  it  may  be  su£Eudent  to  state  here  that  they  include 
examples  of  sMimentanr,  metamorphic,  and  igneous  rocks  which 
are  not  found  within  the  Lewisian  area,  ana  suj^st  the  exist- 
ence of  a  nre-Torridonian  sedimentary  and  eruptiye  aeries  as  the 
source  of  tne  coarser  materials  of  the  rorridonian  formation. 

TABUL4B  List  op  ths  Qbovps  or  im  ToiuuDoir  SAinwioirx. 


NftmM  of 
Gfoiipa. 


8.  Aultbea 
Group 


2.  Applecrofls 
Gronp 


1.  Diabaig 
Group 


Approzimate 
Feet 


9000  to  4500. 


6000  to  8000. 


500  in  Gair- 

loch. 

7200  in  parts 

of  Skye. 


Nftture  of  M*teriak. 


Sandfltonps,  flags,  dark 
and  black  shales 
and  calcareous  bands 
passing  down  into 
chocolate  and  red 
sandstones,  and  grev 
micaceous  flags  with 
partings  of  grey  and 
green  shale. 

Chocolate  and  red 
arkoses  with  pebbles 
of  ^uartzite,  quartz- 
schist,  felsite,  jasper, 
etc.  Occasional 
chocolate  and  red 
shales. 

Hard,  fine  red  sand- 
stones at  top,  mixed 
with  red  mudstones 
and  dark  grey  sandy 
shales  with  calca- 
reous lentides.  At 
base,  conglomerates 
made  out  oi  Lewisian 
gneiss. 

in  8kye  grey  and  buff 
arkoses  are  developed 
in  great  thickness, 
and  the  ^roup  has 
been  divided  into 
four  zones. 


whero 
Typioally  Developed. 


Gailleach  Head ;  Loch 
Broom ;  Coisach ;  Ault- 
bea; Applecross; 
Crowlin  Islands ;  Cou- 
lin  and  Achnashellach 
Forests. 


Durness ;  Assyiit ;  Stoer ; 
Coigach  :  Ullapool ; 
Gairloch ;  Dundonnell ; 
Torridon;  Applecross; 
Loch  Carron  and  Loch 
Alsh  ;  Skye. 


Stoer;  Dundomiell ; 
Gairloch ;  Loch  Maree ; 
Diabaig  and  Loch 
Torridon ;  Loch  Car- 
ron and  Loch  Alsh ; 
Skye. 
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The  Torridonian  LandfSurface. — ^The  surface  of  Lewisian 
Oneiss  on  which  the  Torridonian  series  was  laid  down  probably 
to  a  considerable  extent  resembled  that  of  the  existing  surface 
of  the  older  rock.  It  appears  to  have  in  great  part  presented 
the  appearance  of  an  undulating  plateau,  moulded  into  hollows 
and  eminences  more  or  less  uniform  in  height,  such  as  now  meets 
the  eye  in  the  neighbourhood  of  Scourie  or  Gairloch.  But  the 
detailed  investigation  of  the  ground  further  to  the  south  and 
east  has  revealed  the  existence  of  a  much  more  diversified  topo- 
graphy that  has  been  exposed  by  the  denudation  of  the  sand- 
stones under  which  it  was  buried.  The  gneiss  is  there  found  to 
have  been  cai^ved  into  mountains  and  valleys,  and  testifies  by  the 
extreme  irregularity  of  its  contours  that  it  underw^ent  prolonged 
erosion  as  a  terrestrial  surface.  The  present  lines  of  drainage 
still  follow  some  of  these  old  Torridonian  river- valleys,  while  here 
and  there  an  isolated  peak  or  range  of  hills,  preserved  from  the 
waste  of  time  by  the  enveloping  Torridcmian  sediments,  remains 
as  a  fragment  of  the  Archaean  land.* 

Detailed  descriptions  of  the  varieties  of  the  Torridonian  topo- 
graphy will  be  found  in  the  successive  chapters  devoted  to  the 
aistricts  in  which  these  varieties  are  displayed.  Only  a  brief 
reference  to  the  more  striking  features  need  be  given  here. 

Between  Loch  Inchard  and  Loch  Carn  Bhan  the  general  sur- 
face of  the  gneiss  has  by  subsequent  denudation  been  cut  below 
that  of  the  ancient  plateau,  the  only  remains  of  which  are 
seen  on  Ben  Dreavie,  where  it  has  been  preserved  by  a  small 
capping  of  Torridonian  conglomerate.  Further  south  a  good 
example  of  a  pre-Torridonian  hill  rises  from  beneath  the  north- 
west peak  of  Quinag.  (Plate  XXXI.)  Here  the  successive 
beds  of  sandstone  abut  against  the  steep  sides  of  an  ancient  hill 
of  gneiss  that  must  have  reached  a  height  of  1200  feet  above  the 
average  level  of  the  surrounding  country,  and  may  well  have 
been  considerably  higher.t 

In  the  Stoer  peninsula  the  presence  of  2000  feet  of  Torridonian 
strata  lower  than  any  found  on  Quinag  shows  that  in  Torridonian 
time  the  difference  of  level  in  the  surface  of  the  gneiss  at  these 
two  points,  ten  miles  ai)art,  must  at  least  have  equalled  the 
thickness  of  these  lower  strata.  It  should  be  pointed  out,  how- 
ever, that  this  estimate  of  the  fall  in  the  e:round  between  Quinag 
and  Stoer  depends  in  a  great  degree  upon  the  correlation  of  the 
rocks  at  the  latter  locality  with  those  of  the  Diabaig  group,  and 
does  not  rest  upon  such  direct  evidence  as  that  for  the  Quinag 
hill  refen*ed  to  in  the  preceding  paragraph,  and  for  the  still  more 
remarkable  topography  to  be  seen  further  south. 

Further  evidence  of  a  considerable  slope  to  westwards  is  found 
in  the  area  between  Loch  Assynt  and  Loch  Owskeich  in  Coigach. 

*  The  existence  and  anti({uity  of  this  land-surface  were  noticed  by  Sir  A. 
Geikie  in  his  paper  on  **A  Fragment  of  Primeval  Europe,"  Nature^  xxii. 
(1880),  p.  400. 

t  A  sketch  of  this  Torridonian  hill  with  its  capping  of  sandstone  is  given 
in  Scenery  of  Scotland^  p.  126. 
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Not  a  tew  of  the  laarger  tbIIo^  in  this  disfariet  can  be  shown  to 
ha^e  been  hoUows  in  xomdonian  times,  as  in  the  case  ol  the  two 
higher  branches  of  the  Talley  of  the  Kirkaig,  above  the  Fionn 
Loch ;  of  the  hollow  on  the  north  side  of  Suilven ;  and  of  the 
deep  glen  under  Gol  Mor  at  the  head  g[  Loch  Skinaskink.  The 
region  of  which  this  loch  is  the  craitre  is  at  present  one  of  con- 
siderable irregularity  of  surface »  and  from  the  present  relations 
of  the  sedimentary  strata  to  the  gneiss  this  irreg^arity  was 
obviously  still  more  marked  in  Torridonian  times. 

19ie  small  inliers  of  sneiss  seen  in  the  area  to  the  north  of 
Upper  Loch  Torridon  point  to  the  existence  of  a  range  of  hills  of 
oonsidraable  height  concealed  beneath  the  sandstones  of  Liathach 
and  Beinn  Dearg.  The  gneiss  rises  steeply  from  the  glen 
between  these  two  mountains,  and  at  the  point  where  it  passes 
beneath  the  sandstone  on  the  south  face  of  Beinn  Deaiv  it 
reaches  a  height  oi  1800  feet  above  sea-level  and  more  than  1100 
feet  above  the  lowest  place  where  it  is  seen  in  the  Amhainn 
Mhic  Nobuill.  The  distance  between  these  points  is  less  than 
half  a  mile,  and  the  angle  of  the  hill-slope  about  20^.  That  the 
surhoe  of  the  gneiss  continues  to  fall  steeply  southwards  to  a 
point  below  sea-level  is  shown  by  the  appearance  of  the  Torri- 
donian strata  along  the  shore  on  the  soutli  side  of  Liathach,  a 
mile  and  a  half  from  the  boundary  of  the  gneiss  inlier. 

The  ridge  of  Lewisian  Ghieiss  which  crosses  Loch  Torridon  at 
the  Narrows  and  forms  the  promontory  of  Shieldaig  may  be 
regarded  as  another  parallel  range  of  ancient  hills.  That  portion 
of  it  which  rises  immediately  above  the  north  side  of  tne  loch 
may  owe  its  extremely  rugged  character  to  subsequent  denuda- 
tion, but  further  north  there  is  evidence  of  the  comparatively 
recent  removal  of  the  basal  Torridonian  strata  that  still  rest  up 
to  1000  feet  on  the  slopes  and  in  the  hollows  between  hills  that 
reach  a  height  of  1750  feet  above  the  sea.  On  the  other  side  of 
Loch  Torrioon,  where,  as  already  stated,  the  ridge  passes  beneath 
the  north  end  of  Beinn  Shieldaig,  the  gneiss  rises  from  sea- 
level  on  either  side  of  a  deep  narrow  valley  filled  with  Torri- 
donian rocks,  and  is  overlapped  by  the  sandstones  at  the  800-feet 
contour  on  each  side  of  the  mountain. 

In  the  area  between  Loch  na  Sheallag  and  Loch  Maree,  and 
again  on  the  south  side  of  the  latter  loch,  six  or  seven  distinct 
hills  of  Archaean  gneiss,  some  of  them  of  considerable  size,  can 
be  demonstrated  by  the  disposition  of  the  sediments  around  them 
to  be  of  older  date  than  the  Ton'idonian  series.  Perhaps  the 
most  remarkable  of  these  are  the  hills  which  underlie  Beinn 
Dearg  Mhor  and  Beinn  Dearg  Bheag.  The  gneiss  rises  from  the 
shores  of  Loch  na  Sheallag  towards  each  of  these  mountains,  and 
reaches  its  highest  elevation — ^2300  feet  above  sea-level — 
immediately  under  the  south  end  of  Beinn  Dearg  Bheag.  The 
great  hollow  to  the  north  of  that  mountain  is  also  of  older  date 
than  the  Torridonian  strata. 

The  hollow  of  Gleann  na  Muich,  south  of  Beinn  Dearg  Mhor, 
coincides  with  the  edge  of  an  ancient  valley,  now  filled  with  the 
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sandstones  of  Beinn  Tarsuinn, 
Sgbrr  B&n,  and  Beinn  a'  Chlaidh- 
eimh.  Two  tributary  glens  of  the 
same  antiquity  can  also  be  traced 
coming  in  from  the  west  and 
joining  this  valley  opposite  Sgflrr 
B4n.  The  small  patch  of  Torri- 
donian  sediment  on  the  s\immit 
of  A'  Mhaigdean  conceals  a  hollow 
that  probably  represents  tlie  head 
of  one  of  these  glens.  Another 
wejl-mai'ked  eminence  belonging 
to  the  same  old  topography 
rises  from  beneath  the  grits  of 
Beinn  Tarsuinn  on  the  north  side 
of  Loch  Fada.  The  deep  hollow 
of  Glen  Tulacha  and  the  great 
clilT  of  Ben  Lair  also  date  back 
to  the  same  remote  period,  as  is 
proved  by  the  patcli  of  horizon- 
tally-bedded breccia  and  sandstone 
which  rests  on  the  face  of  the 
cliff. 

A  still  more  conspicuous  example 
of  the  irregularity  of  the  ancient 
land  aui-face  is  found  on  the  flanks 
of  Slioch,  which  rises  above  the 
northern  shore  of  Loch  Maree. 
This  great  mountain  can  be  shown 
to  partially  envelope  three  distinct 
hills  and  to  fill  up  two  valleys  of 
pre-Torridonian  age.  Over  2000 
feet  of  Meall  Each,  the  most  east- 
erly of  these  elevations,  are  still 
visible,  and  the  disposition  of  the 
surrounding  strata  shows  that  it 
may  well  have  reached  300U  feet. 
The  original  sides  of  this  hill  were 
very  steep,  for  their  scree-slopes, 
now  compacted  into  Torridonian 
breccia,  are  still  distinctly  visible. 
Meall  Riahhach,  the  central  hill, 
forms  a  conspicuous  featui-e  as  seen 
from  the  further  side  of  the  loi:h 
owing  to  the  contrast  of  the  light- 
gray  gneiss  of  which  it  consists 
with  the  dark-pui-ple  sandstones 
that  abut  against  its  sides.     (Fig. 

11.) 


CHAPTER  XVI. 

THE  PETBOQBAFBT  OF  THE  TOBBIDONIAIV 
FOBMATION.* 

Th^  Torridonian  rockfl  in  the  ana  under  consideration  consist 
of  breceiM,  (Mmglomerstes,  griii,  felapathic  SMtdctOBM, 
micaceous  BaodBtones,  and  ahalw  or  ilatea.  A.  few  iaeoaMpknemM 
bands  ijf  cfthsanoui  grit  ooour  near  the  baee  of  the  series  in  one 
o^'itra  loMlities,  bat  limeatones  are  conapicnooa  by  their  abmuje. 
'Iko  Twridonian  foimaticni  is  one  of  the  largest  aa  wdl  aa  oae^  of 
the  most  ucient  maaaea  of  mechanioal  sediment  in  Ibe  Britialt 
Isles. 

Id  the  aortheRt  portion  of  the  area  in  qneation,  and  in  the 
dietoict  from  which  the  formation  takes  its  name,  the  prenilinv 
rook  is  a  red  fehpathic  sandsttme  or  arkoae,  in  which  pebbles  ot 
rooks  unrepresented  in  the  Lewisiaa  gneiss  frequently  oooor.  In 
Ute  soathern  part  of  the  area  finer-grained  deposits  of  a  grey  or  . 
greenish-grey  coloor  constitate  a  large  part.<n  the  wliole  seriea. 
la  districts  where  the  Tonidonian  rocks  have  been  affected  by 
the  post-Cambrian  movements  important  modifications  u 
stroctare,  and  to  a  certain  extent  also  in  mineralc^eal  oam- 
positJon,  have  been  prodnced. 

The  constituents  may  be  classified  as  follow:^:  — 

(1)  Fragments  and  pebbles  of  older  rocks  derived  partly 

from  the  Lewisian  Gneiss  and  partly  from  formations 
as  yet  unknown  in  the  Noi-th-West  of  Scotland ; 

(2)  Mineral  constituents  derived  from  older  rocks; 

(3)  Minerals  developed  in  gitu. 

In  disturbed  regions  the  forms  of  the  original  clastic  con- 
stituents, whether  roeka  or  minerals,  have  often  been  consider- 
ably modified.  The  allothigenic  constituents  may  therefore  be 
divided  into  two  classes :  (1)  those  which  have  retained  the  form 
in  which  they  were  deposited  (allothimorphic) ,  and  (2)  those  in 
which  that  form  has  been  modified  by  earth-stresses 
(authimorphic).  f 

Fragmente  and  Pebbles  from  Older  Rocks. — Where  the  coarse- 

E rained   Torridon   Sandstone   rests   on   the   uneven   surface   of 
lewisian   Gneiss,    after   the   fashion   of   all    great   continental 
formations,  it  frequently  contains  angular  blockE,  of  all  sizes, 

"  By  J.  J.  H.  TeaU. 

+  Milch,  "Beitrage  sur  Lehre  von  dec  Regionttl-metAmorphose."  Ntuen 
JiAH).  BeOagt,  Band  iz.  (1894),  p.  101. 
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derived  from  the  immediately  underlying  rock.  A  detailed 
petrographical  description  of  the  contents  of  these  basal  breccias 
iiS  unnecessary,  as  it  would  involve  a  repetition  of  what  has  been 
said  in  describing  the  Lewisian  Gneiss.  On  passing  upwards 
from  these  breccias  into  the  main  mass  of  the  Torridon  Sand- 
stone, the  fragments  of  local  rocks  are  seen  to  disappear,  and 
pebbles  which  cannot  be  matched  in  the  underlying  formation 
are  met  with.  These  pebbles  merit  a  closer  attention,  as  some 
of  them  have  been  derived  from  sedimentarj'^  formations  of  older 
date  than  the  Tonidon  Sandstone,  which  is  itself  of  pre-Cambrian 
age. 

A  miscellaneous  collection  of  pebbles  made  by  Dr.  Home 
north  of  Strath  Lingard,  E.N.E.  of  Loch  Maree,  yielded  on 
examination  the  following  result:  — 


Vein  quartz    - 

50  per  cent, 

Quartzite 

20      „ 

Chert  and  jasper 

16       „ 

Grit    -             -             -             - 

8      „ 

Felsite  and  felspar-porphyry 

6       „ 

100 


The  vast  majority  of  the  true  pebbles  belong  to  the  types  above 
referred  to,  but  a  few  exceptional  varieties  may  be  occasionally 
recognised.  No  special  importance  must  be  attached  to  the 
figures  given  above.  The  relative  proportions  of  the  different 
varieties  vary  from  place  to  place,  as  will  be  seen  by  referring  to 
the  results  obtained  by  Mr.  Clough  (page  333). 

The  pebbles  of  vein-quartz  are  so  unifomi  in  character  that 
only  one  section  has  been  prepared.  The  pebble,  which  is  from 
the  Applecross  district,  is  white  with  reddish  staining  along 
cracks.  It  is  composed  of  large  irregular  grains  of  quartz  which 
interlock  with  each  other  along  sutural  junctions.  The  rock  is 
in  everv  way  identical  with  that  which  occurs  so  commonly  in 
veins  in  disturbed  regions. 

The  quartzite-pebl)les  are  light-grey,  red,  or  liver-coloured. 
They  are  sandstones  which  have  been  indurated  by  the  deposition 
of  secondary  silica  on  the  original  grains,  whose  outlines  are 
frequently  recognisable  by  a  coating  of  ferric  oxide  (6197).  One 
specimen  (0191)  consists  of  more  or  less  rounded  grains  of  quartz 
cemented  by  brown  isotropic  interstitial  matter. 

The  cherts  are  usually  black  or  yellow,  with  occasional  patches 
and  streaks  of  red.  They  sometimes  contain  areas  of  crystalline 
quartz,  and,  less  frequently,  dnisy  cavities  lined  with  small 
crystals  of  quartz.  Xo  hard  and  fast  line  can  be  drawn  between 
the  cherts  and  jaspers.  The  black  cherts  are  represented  by 
specimens  from  Ben  More,  Coigach,  Ross-shire  (3894,  3937),  and 
from  Cape  Wrath  (6351).  They  consist  of  crypto-  or  micro- 
crystalline  silica,  and  are  freouently  traversed  by  veins  of 
crystalline  quartz.     Pseudomorphs  in  the  form  of  rhombs,  wholly 
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or  pttrUv  oompoaed  of  ferric  oxide,  are  often  present.  ThegrdonU- 
leei  inmeate  the  jiresenoe  of  f errifennu  carbonates  soon  as  ns 
oommonlv  finmd  in  dierts  associated  with  sedimentary  depodisu 
The  sections  of  chert  have  been  carefull;^  searched  for  ornnic 
stmotiwes,  bat  np  to  the  present  nothing  definite  has  oeen 
loiind.  Ilie  stmctnxes  represented  in  Fhm  L.,  Fig.  1,  oocor 
in  a  pebble  from  Ben  More,  Coigach.^ 

It  nas  somewhat  the  appearance  of  a  siUoified  oolite.  The 
inttgolar  oval  grain  near  the  centre  of  the  right-hand  half  of  the 
figure  shows  traces  of  concentric  stractnre  at  the  margin.  The 
iateric»  is  formed  of  dear  crypto-crystalline  silica.  Immediately 
below  this  is  another  ffnin.  without  any  definite  radial  or  con- 
centric stmctnrB.  It  is  circular  in  onuinoi  and  appears  to  be 
blade  up  of  a  nnmber  of  small  spherical  bodies>  the  sectums  of 
wbkk  measure  .01-.05  mm.  in  diameter.  Traces  of  similar 
bodies  can  be  made  out  in  other  portions  of  the  slide. 

Dr.  Hinde  has  ahown*  that  the  colloid  silica  of  spongeHmicules 
frequently  passes  into  a  globular  form.  The  globules,  which  may 
occur  singly  or  in  groups,  vary  in  size  from  .0014  to  .046  mm. 
13ie  peculiar  bodies  in  tnese  Torridon  pebbles  are  tm  the  average 
somewhat  krffer  thsji  the  globules  described  and  figured  by  Ihr. 
Hinde,  but  ^ey  agree  with  them  as  regards  their  mode  of 
Mgregatibn.  Somewhat  similar  bodies  have  been  described  by 
VMelsanflt  i^  ^  silicified  riiyolite  from  Hungary. 

The  ycdlow  or  bufE-coloured  cherts  are  composed  of  crypto-  and 
micro-crystalline  silica.  Some  of  them  (63o3)  consist  of  well- 
ronnded  grains  of  amorphous  chert  embedded  in  a  ohalcedonic 
matrix. 

Pebbles  of  jasper  are  common  in  the  Tonidon  conglomerates. 
They  consist  of  crypto-crystalline  and  micro-crystalline  silica 
often  deeply  stained  with  ferric  oxide.  Brecciated  structures 
are  frequently  recognisable.  A  specimen  from  Cape  Wrath 
shows  a  well-marked  sphenilitic  structure.  The  central  portions 
of  the  spherulites  (Plate  L,  Fig.  2)  are  formed  of  clear,  crypto- 
crystalline  silica,  in  which  a  few  small  deeply-stained  spneres 
may  sometimes  be  observed.  The  marginal  portions  of  the 
spherulites  are  also  deeply  stained.  They  consist  of  crystals 
which  interfere  with  eacn  other  laterally,  and  are  so  arranged 
that  their  optic  axes  are  approximately  coincident  with  the  radii 
ot  the  sphere.  The  intervening  spaces  are  filled  with  crystalline 
quartz  containing  scattered  specks  of  ferric  oxide.  The 
mdividual  crystals  which  form  the  peripheral  portion  of  a 
spherulite  are,  as  a  rule,  prolonged  beyona  the  deeply-coloured 
zone  so  as  to  form  a  part  of  the  unstained  interstitial  aggregate. 
This  pebble,  so  far  as  structure  is  concerned,  has  many  points  of 
resemolance  to  the  spherulitic  felsites  of  the  "Lea  Rock"  type, 
and  as  such  felsites  occur  amongst  the  pebbles  of  the  Torridonian 

♦  "On  Beds  of  Sponge-remains  in  the  Lower  and  Upper  Greensand  of  the 
South  of  England,**  Phil,  Trans.  Boy.  Soc.,  Part  II.,  1886. 
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conglomerates  the  question  arises  as  to  whether  it  may  not  be  a 
silicified  rock  of  that  type.  The  impregnation  of  trachytic  and 
rhyolitic  rocks  by  secondary  silica  is  known  to  take  place,  and 
occasionally  even  the  felspars  of  such  rocks  have  been  replaced 
by  quartz.  It  is  quite  possible,  therefore,  that  some  of  the  jasper 
pebbles  may  represent  silicified  felsites. 

The  felsites  are  dark-purplish  compact  rocks,  usually  less  red 
in  colour  than  the  jaspers,  but  not  always  to  be  easily  dis- 
tinguished from  them.  They  consist  of  porphyritic  crystals  and 
crystal-groups  of  felspar  in  a  spherulitic,  micro- pegmatitic, 
micro-granitic,  or  micro-poikilitic  ground  mass. 

Spherulitic  structures  are  well  represented  in  specimens  from 
the  neighbourhood  of  Kinlochewe  (4201)  and  Applecross  (6189). 
Figs.  1  and  2,  Plate  LI.,  represent  portions  of  the  latter  rock. 
Some  of  the  structures  in  this  rock  are  identical  with  those  of 
the  Tertiary  Hungarian  liparites  described  by  Vogelsang.  They 
furnish,  therefore,  a  striking  illustration  of  the  uniformity  of 
volcanic  phenomena  throughout  geological  time. 

The  oldest  components  (G189)  of  this  rock  are  certain  pheno- 
cnrsts  of  quartz  and  felspar.  These  are  embedded  in  a  matrix 
which  shows  various  foims  of  intergrowths  of  quartz  and  felspar, 
as  well  as  a  certain  amount  of  micro-cr^'stalline  interstitial  matter, 
in  which  traces  of  perlitic  structure  may  be  recognised.  Next 
in  order  of  formation  to  the  phenocrysts  come  spherulites  of  the 
type  represented  in  Fig.  2,  Plate  LI.  These  show  radial  and 
concentric  structures,  but  do  not  give  a  black  cross  in  polarized 
light.  They  are  often  irregularly  polygonal  in  outline,  and 
sometimes  give  off  branches  in  which  a  plumose  or  sheaf -like 
arrangement  of  the  doubly  refracting  substance  and  also  of  the 
trichites  may  be  seen.  The  spherulites  in  question  and  the 
branching  processes  connected  with  them  are  exactly  similar  to 
the  corresponding  structures  in  the  slides  of  a  rhyolite  from 
Szanto,  Hungary. 

As  the  prbcess  of  consolidation  continued,  spherulites  of  the 
type  represented  in  Fig.  I,  Plate  LI.,  were  formed.  These 
frequently  enclose  fragments  of  the  earlier  and  more  deeply- 
stained  stnictures,  as  well  as  phenocrysts  of  quartz,  one  of  which 
in  the  form  of  a  rounded  grain  is  represented  in  the  figure. 
They  consist  of  two  substances,  felspar  and  quaitz,  and  the  radial 
structure  is  due  to  the  fact  that  the  felspar  takes  the  form  of 
thin  and  often  branching  fibres  which  run  out  from  the  centre 
towards  the  circumference. 

The  separation  of  the  fels])ar  from  the  quartz  in  the  central 
parts  of  the  spherulite  can  only  be  made  out  by  using  the  Becke 
effect,  but  in  the  narrow  zone  which  surrounds  the  main 
spherulite  (Fig.  I,  Plate  LI.)  it  is  quite  distinct.  Here  the 
distribution  of  the  felspar  is  rendered  visible  by  red  pigment 
which  is  not  present  in  the  quartz.  It  will  be  seen  that  the 
felspar  takes  tne  form  of  microscopic  trees  or  bushes,  which  have 
their  roots,  as  it  were,  in  the  main  body  of  the  spherulite.  This 
narrow  zone  clearly  proves  that  the  later  stages  of  spherulite- 
building  were  characterised  by  a  well-marked  separation  of  the 
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two  ntinerak,  qmu-tz  and  felspar,  uf  which  thi-  spherulites  are 
oompoaed.  Odtarrjoitions  of  the  slide  illastrate  the  same  paint 
.JB  a  still  nun  ttlwmg  manner.  Thus,  the  feather-like  patches 
•een  in 4lw  upper  dbH  of  Fig.  1,  Plate  LI.,  coDsi-st  nf  felspar  and 
polariie  m  indiTidnals.  They  lie  in  a  matrix  composed  of  large 
mdiTidoals  of  quartz  which  interlock  with  each  other, 
imBpeatiTe  of  the  distribution  of  the  felspar  substance,  so  that 
tlu«  portua  of  £he  slide  may  be  said  to  possess  a  micro-poikilitic 
•iraotim. 

From  the  facts  above  described  it  is  evident  that  this  rock 
oontaJTiii  tmry  amdation  from  an  ultra-microscopic  intergrowth 
of  quarti  and  feuittr  tu  one  in  which  the  two  minerals  are  clearly 
neoffnisable.  The  sphemlites  of  acid  mcks  have  been  com- 
pncn*  with  those  formed  during  the  slow  cooling  of  euteotie 
omnponnds.  A  study  of  this  specimen  appears  to  show  that  the 
ouupariaon  was  joetified. 

I&  addition  to  the  phenocrysts  and  spheruUtic  inteivrowths, 
then  is  a  small  quantity  of  micro-crystalline  interstitial  matter 
lAioh  obnooaly  repi-esents  the  late«t  pha^e  of  consolidation.  It 
oonsists  of  qnarti  and  felspar  together  with  specks  of  iron-oxide, 
and  ifl  iraTersed  in  parts  W  wetl-mai-ked  |>erlti  Ic  cracki^.  These 
onc^  sometimes  traverse  ihe  individnala  which  form  the  miino- 
<;ryBtaIliiie  aggresate — a  fact  diffionlt  to  aocount  for  on  the  wvp- 
posititm  that  the  aggregate  is  the  result  of  seoondaxy 
devitrification. 

Other  flpeoimens  of  sphranlitic  felsite  (4201)  consist  of  pheno- 
orysts  of  lelspar  and  quu^s,  roand  which  spheralites  have  in 
many  cases  been  formed.  The  latter  show  an  imperfect  black 
cross  in  polarized  light  and  have  somewhat  ill-defined  margins. 
The  matrix  may  be  either  mioro-crystalline  or  micro-pegmatitic. 
The  marginal  portions  of  the  spherulites  are  micro-pegmatitic 
intergrowths  of  quartz  and  felspar,  and  the  coarseness  of  this 
structure  decreases  towards  the  centre  until  it  becomes  unrecog- 
nisable. The  conclusion  that  the  central  parts  of  the  spherulite 
are  formed  of  ultrarmicroscopic  intergrowths  of  a  pegmatitic 
character  is  therefore  irresistible.  This  specimen  (4201)  is  also 
interesting  as  furnishing  evidence  of  the  formation  of  micro- 
pegmatite  at  two  distinct  stages  in  the  process  of  consolidation, 
tor  in  one  or  two  cases  small  patches  of  micro- pegmatite  form 
the  nuclei  of  spherulites. 

The  other  feisites  of  which  sections  have  been  prepared  may 
be  described  collectively.  Phenocrysts  are  often  though  not 
always  present.  They  consist  of  oligoclase  in  crystals, 
crvstalline  fragments,  and  crystal-groups,  and  also  of  orthoclase, 
which  is,  however,  much  less  common  and  retteu  intergrown  with 
a     plagioclase     felspar     (micro-perthitc) ,  Ferro-magnesian 

minerals  are  never  recognisable,  and  must  have  been  almost 
entirely  absent.  Their  former  presence  is  suggested  by  the 
occasional  occurrence  of  chlorite  and  epidote.  Quartz  has  not 
been  observed  as  a  phenocryat. 

t  BritiA  Pttrography,  p.  402. 
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The  ground  mass  which  always  makes  up  ibe  greater  poi-tioii 
of  the  rock  can  in  general  be  resolved  with  high  powers  into  an 
aggregate  of  quartz  and  felspar  with  which  some  grains  of 
magnetite  and  specks  of  iron-oxide  are  as^iociated.  Micro- 
pegmatitic  and  micro-poikilitic  structures  are  common ;  micro- 
granitic  structures  rare.  One  specimen  from  Applecross  (6196) 
13  mainly  composed  of  micro-pegmatite  of  so  fine  a  grain  that  its 
true  character  can  only  be  recognised  with  high  powers.  In  this 
rock  the  following  sequence  of  events  is  recorded.  First  a  few 
small  idiomorphic  felspars  were  formed,  then  the  main  mass, 
which  was  probably  an  eutectic  compound  of  quartz  and  felspar, 
consolidated  as  micro-pegmatite. 

Micro-poikilitic  stioicture  is  well  seen  in  another  specimen  from 
Applecross  (6188).  A  few  phenocrysts  of  felspar  occur  in  this 
rock,  but  the  main  mass  is  a  micro-poikilitic  aggregate.  Quartz 
forms,  as  it  were,  the  substratum  of  this  rock,  so  that  if  the 
felspar  and  iron-ores  were  removed  a  spongy  mass  of  quartz 
would  remain  retaining  the  original  form  of  the  specimen. 

In  most  of  the  rocks  from  which  sections  have  been  prepared, 
the  fact  that  the  ground  ma^ss  is  an  aggregate  of  quartz  and 
felspai*  can  be  made  out  with  high  powers.  This,  however,  is 
not  always  the  case.  In  one  specimen  (6192),  which  shows  well- 
marked  fluxion  structure,  the  matrix  is  crypto-crystalline.  A 
few  phenocrysts  of  felspar  are  present,  and  the  flow-structure  is 
indicated  by  grains  of  iron-oxide  and  by  thin  micro-crystalline 
folia  which  are  arranged  pai*allel  to  each  other  througnout  the 
slide. 

These  f  elsites.  have  been  described  at  some  length  because  of 
the  interest  attaching  to  them  on  account  of  their  age.  They 
occur  as  pebbles  in  a  j)re-Cambrian  grou])  of  sedimentary  rocks, 
and  must  therefore  have  been  derived  from  a  still  earlier  forma- 
tion, of  which  no  other  trace  has  been  found  in  the  north-west 
of  Scotland.  They  are  identical  in  all  essential  respects  with 
the  felsites  belonging  to  the  Uriconian  series  of  Shropshire. 

Apart  from  the  fragments  occurring  in  the  basal  breccias, 
schistose  and  highly  metamorphic  rocks  are  rare  in  the  Torridon 
conglomerates.  The  collection  of  the  Geological  Survey  includes 
a  fine-grained  pinkish  quartzo-felspatliic  mica-schist  ('5895,  Ben 
Slioch,  Loch  Maree),  a  fiiie-gi*ained  quartz-magnetite-schist 
(C176,  Applecross),  a  medium-grained  silveiy  mica-schist  (6378, 
south-west  side  of  Loch  Maree),  a  bright^green  rock  composed  of 
quartz  and  fuchsite  (6354,  Cape  Wrath),  a  quartz-tourmaline 
rock  (6179,  Applecross),  and  two  or  three  rocks,  mainly  composed 
of  quartz,  showing  marked  signs  of  dynamic  action  (6181,  6186, 
Applecross) . 

The  quart z-fuchsite-rock  bears  a  most  striking  resemblance  to 
the  green  aventurine  said  to  come  from  the  Bellary  district  in 
Soutnern  India.  It  is  composed  of  micro-crystalline  quartz  and 
9  bright-green  biaxial  mica,  which  gives  the  reaction  for 
chromium  in  the  borax  bead,  and  shows  the  following  colors :  — 
X,  greenish-blue;  y,  yellowish-green;   z,  green.      The  x-colour 
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for  fuohsite  is  described  by  Bana  as  robin's-effg  blue,  a  stato- 
ment  which  is  someiwhat  pnuling  to  British  readers,  as  oar  zobiii 
lavs  eggs  of  a  dull  white  cdoar  marked  with  redduh  spots,  but 
which  receives  a  perfect  explanatioii  when  it  is  remembered  that 
the  American  robin  is  a  thrush.  The  peculiar  colour  is  that  ol 
most  thrushes'  eggs* 

The  quarts-magnetite  rock  is  composed  of  micro-crystalline 
quarts  associated  witii  grains,  crystals,  and  crystalline  groups 
of  maffnetite.  It  possesses  a  well-marked  parallel  stmoture 
which  IS  brought  out  by  the  distribution  of  magnetite.     This 

Sebble*mu8t  have  been  derived  from  rocks  allied  to  those  already 
escribed  as  occurring  in  the  altered  sedimentary  series  of  the 
Loch  Maree  district. 

The  quarts-tourmaline  rock  is  compact,  dark,  c^mipoeed  of 
micro-crystalline  quarts  and  ffrains  of  brown  tourmaline.  It  is 
probably  a  tourmaline-homf els,  due  to  contact  action  of  granite 
upon  a  sedimentary  rock.  It  is  very  similar  to  rodcs  occurring 
round  the  granitic  masses  of  Cornwall,  and  also  as  pebbles  in 
the  Triassic  con^omerates  of  Central  England  and  in  the  drifts 
of  the  Soutii  of  England. 

(2)  Mineral  GoiMUtuents  derived  from  Older  Boeke. — In  those 
areas  which  have  not  been  affected  by  the  post-Cambrian  earth- 
movements  the  mineral  constituents  are,  as  a  rule,  allothigenic 
and  allothimorphic.  Secondary  enlargement  of  quarts-grains 
and  the  development  of  minute  scales  of  mica  in  the  felspars  aro 
the  only  important  agencies  which  have  modified  the  original 
constituents.  But  in  the  moved  areas  the  original  clastic  grains 
have  been  modified  both  in  external  form  and  internal  structure. 
The  nature  of  these  modifications  will  be  described  under  the 
different  minerals. 

Clastic  quartz  occurs  abundantly  in  all  except  the  finest- 
grained  argillaceous  deposits.  The  larger  grains  (1  mm.  or 
more)  are  often  well  rounded,  but  the  smaller  (.1  mm.  or  less) 
are,  on  the  contrary,  always  angular.  The  minute  hair-like 
inclusions  so  characteristic  of  the  blue  quartz  of  the  pyroxene- 
gneisses  are  very  rare.  The  behaviour  of  the  quartz  when 
subjected  to  anisotropic  stresses  is  well  illustrated  by  many  speci- 
mens from  the  neighbourhood  of  Kinlochewe  (3713-3731)  and 
Loch  Kishorn  (2263-2269).  The  first  evidence  of  strain  is  the 
absence  of  definite  extinction  under  crossed  nicols.  Sometimes 
the  shadows  sweep  uniformly  over  the  section ;  at  other  times 
the  grain  is  divided  into  stripes  or  patches  which  have  a  fairly 
uniform  orientation,  the  adjacent  portions  being  separated  by  a 
narrow  zone  in  which  the  extinction  positions  change  rapidly. 
A  difference  of  18^  or  20^  may  sometimes  be  observed  between 
adjacent  patches  of  what  was  originally  a  clastic  grain  with 
uniform  extinction.  If  examined  in  convergent  polarized  light 
the  strained  portions  give  the  figure  of  a  biaxial  mineral  with 
small  optic  axial  angle. 

As  deformation  progresses  more  important  changes  take  place 
in  the  external  form  and  internal  structure  of  the  grains.     They 
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frequently  become  lenticular,  and  the  original  grain  may  be 
replaced  by  a  micro-crystalline  (granulitic)  or  crypto-crystalline 
(mylonitic)  aggregate.  Not  infrequently  a  large  individual  may 
be  converted  into  smaller  lenticular  individuals  separated  by 
micro-  and  crj^pto-ciystalline  material.       As  these  changes  take 

f)lace  the  original  grain  often  becomes  frayed  at  the  edges  and 
oses  itself  gradually,  so  to  speak,  in  the  secondary  granulitic 
or  mylonitic  substance,  which  frequently  constitutes  a  consider- 
able portion  of  the  rocks  in  which  these  phenomena  are  seen. 

In  the  coarser-grained  rocks  felspars  are  almost  as  abundant 
as  quartz.  Microcline,  microcline-microperthite,  orthoclase, 
and  oligoclase  have  been  recognised.  The  characteristic  felspar 
of  the  red  sandstones  or  arkoses,  which  form  such  an  important 
feature  of  the  ToiTidonian  series,  is  microcline  and  microcline- 
microperthite.  The  other  felspars  are,  as  a  rule,  much  more 
altered  than  the  microcline,  and  more  deeply  stained  with  ferric 
oxide.  On  this  account  they  are  frequently  imdeterminable. 
Oligoclase  may,  however,  often  be  recognised,  and  it  is  probable 
that  most  of  tne  altered  felspar  belongs  to  this  species. 

When  subjected  to  defoiining  stresses  felspar  does  not  behave 
in  the  same  way  as  quartz.  It  is  more  liable  to  actual  fracture, 
and  broken  fragments,  which  evidently  belonged  to  one 
individual,  are  frequently  seen,  under  the  microscope,  to  have 
been  separated  from  each  other.  Individuals  of  quartz  have 
often  changed  their  forms  by  passing  into  aggregates  without 
any  separation  of  the  constituents  of  the  aggregate.  Felspars,  on 
the  contrary,  have  changed  their  forms  by  actual  fracture,  and  the 
authiclastic  fragments  have  often  been  dragged  apart  by  internal 
movements  in  the  rock-mass.  In  the  rocks  with  a  pronounced 
fluxion  (micro-flaser)  structure  lenticular  grains  of  felspar 
with  tail-like  endings,  largely  composed  of  bn^ken  fragments  of 
the  grain  itself,  may  frequently  be  observed. 

The  felspars  often  show  the  micaceous  type  of  decomposition, 
and  much  of  the  sericitie  mica  in  the  sheared  varieties  of  the 
coarser  rock  has  doubtless  been  formed  at  their  expense. 

Clastic  micas  occur  in  the  finer-grained  sandstones  and  sandy 
shales.  Both  brown  and  white  mica^s  are  present,  and  the 
former  is  often  as  abundant  as  the  latter.  Grains  of  epidote  are 
common  in  many  of  the  finer-grained  sediments,  and  especially 
in  the  rocks  belonging  to  the  base  of  the  series. 

The  heavy  minerals  so  commonly  found  in  the  finer-grained 
sandstones  of  all  geological  periods  occur  also  in  those  of  the 
Torridonian  series.  They  include  magnetite,  ilmenite,  sphene, 
garnet,  tourmaline,  zircon,  and  rutile.  Black  bands  mainly 
composed  of  titaniferous  iron-ore  occur  in  the  Middle  Torri- 
donian group  of  Skye  (5072)*,  and  also  in  beds  provisionally 
referred  to  the  Upper  Torridonian  group  in  Crowlin  Island,  south 
of  the  Applecross  peninsula  (8701). 

*  These  grains  were  roughly  isolated  and  partially  analysed  by  Dr.  Pollard. 
Iron  reckoned  as  Fe.O,,  737;  TiO„  141;  SiO„  98;  AUG,  <!t<;.,  2-2 ; 
loss,  -6.     They  are  but  slightly  aflfected  by  a  weak  magnet. 


886  Torridmum  atria. 

(8)  JfJMrali  JJMwIppwl  m  tiui  Jioelw.-^The  very  important 
qnestum  ol  the  relation  at  the  Tmidtmiiiii  fcirmotion  to  the 
ayrtRUine  (Hoiiie  or  Eartam)  nhute  U  expressly  omitted  from 
oonidderatioii  liere.     Leaving  oat  of  aooonnt,  therefore,  certain 


erystalline  nob  whioh  nkay  eTentoally  be  accepted  on  all  hands 
••  Torridonian,  those  which  remain  do  not  show  any  striking 
denhmment  of  new  minerals  onless  the  secondary  mylonitic  and 


mnnfitio  aggregates^  oontaininf  mica  and  chlorite,  of  which 
the  flheared  rocks  axe  often  lartrwr  oompoeed,  be  included  under 
tUahead. 

Serioitic  mica  ii  abundant  in  all  the  BhearL'd  rockii.  It  has 
eridenily  been  developed  at  the  expense  of  tliu  £aUp^,  euuI  ca^ts 
the  plwiee  of  differential  morement.  Chlorite  is  common  in  the 
grem  nita  and  fine-grained  neywaokes  whioh  ooonr  w  lanely 
u  the  Xower  TfHridonian  ro^  of  Skye  and  the  diatriot  about 
Iioeh  Canon. 

^e  intensely-sheared  epidotio  grits  whioh  ooonr  at  the 
ranotion  of  the  TwridoniuL  and  Lewisian  Qneiaa  at  Femaig 
(Looh  Carron)  contaiir  nmnerons  idimnoiphio  oryatals  m 
magnetite.  As  these  crystals  vary  consideraUy  in  aiae  and  are 
quite  unlike  the  olastio  srsinB  of  titaniterons  ironrMe  abore 
Tt&mA  to,  it  ia  probable  that  they  have  been  dereli^ied  m  aikh 
The  secondary  nuoro-GrystaUine  mosaic  of  this  rook  (4102), 
thoD^  fine  in  grain,  has  all  Uie  distinctive  characters  of  a  true 
oryatalline  sohut.  Detached  flakes  of  chlorite  are  soattsied 
through  it  exactly  in  the  same  way  as  those  <rf  mica  in  fypioal 
Hoinfr-schists. 

GENERAL    DESCRIPTION   OF  TBE   ROCKS. 

The  rocks  include  all  types  of  mechanical  sediment  from  the 
finest  argillaceous  deposits  to  the  coarsest  conglomerates  and 
breccias.  Calcareous  deposits  are  represented  only  by  a  few  thiu 
bands  of  calcareous  grit  and  impure  limestone.  The  Upper 
Torridonian  group  of  Cailleach  Head  (Loch  Broom]  contains 
phosphatic  matter  in  impersisteiit  bands  and  nodules. 

The  red  felspathic  sandstones  or  arkoses  which  constitute  so 
large  a  part  of  the  aeries  between  Cape  Wrath  and  Applecroes 
resemble  those  of  other  great  continental  formations  both  in 
their  petrographical  characters  and  in  their  relation  to  the  under- 
lying floor  of  Lewisian  Qneiss.  The  princiiial  constituents  are 
quartz,  alkali-felspar,  and  oligoclase.  The  red  colour  is  due 
partly  to  a  staining  of  the  more  or  les.s  altered  felspars  or  frag- 
ments of  felsite,  which  sometimes  form  a  not  inconsiderable 
portion  of  the  rock  (8751),  and  partly  to  a  thin  ])ellicle  of  ferric 
oxide  coating  the  individual  grains.  This  coating  is  probably 
the  result  of  subaerial  decomposition  ou  the  old  lana  surface  from 
which  the  materials  were  derived.  The  basal  breccias  which 
often  flank  the  buried  mountains  are,  as  already  explained,  of 
the  nature  of  scree  material.  They  consist  of  fragments  of  the 
local  rocks  embedded  in  a  sandstone  matrix.     The  conglomerates, 
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on  the  other  hand,  are  probably  torrential  deposits  brought  down 
from  a  district  very  different  in  geological  structure  from  that 
of  the  area  in  which  the  Lewisian  Gneiss  occurs.  Some  informa- 
tion as  to  the  nature  of  this  district  is  furnished  by  the  pebbles,  of 
which  a  description  has  already  been  given.  It  must  have  con- 
tained representatives  of  sedimentary,  plutonic,  volcanic,  and 
metamorphic  rocks.  In  interpreting  the  evidence  furnished  by 
the  pebbles,  it  must,  of  course,  be  remembered  that  some  of  these 
may  have  existed  as  pebbles  in  still  earlier  formations.  Such 
rocks  as  quartzite,  chert,  jasper,  tourmaline-hornfels,  and  vein- 
quartz  possess  great  powers  of  resistance,  and  pebbles  formed  of 
them  have  often  been  handed  on  from  one  formation  to  another 
during  the  progress  of  geological  time. 

Although  red  rocks  constitute  a  veiy  large  part  of  the 
Torridonian  foimation,  they  by  no  means  make  up  the  whole. 
Dark  shales  occur  both  at  the  base  and  at  the  top  of  the  series 
in  certain  localities.  The  basal  shales  are  well  seen  in  the 
narrow  strait,  dry  at  low  tide,  separating  the  Isle  of  Fladda  from 
the  northern  part  of  Raasay.  They  are  indurated  so  as  to 
resemble  slates,  but  they  do  not  possess  a  true  cleavage.  The 
upper  junction  with  the  red  beds  is  here  well  exposed,  and  the 
abrupt  change  in  colour  is  very  striking.  At  the  upper  limit  of 
the  dark  shales  there  are  beds  of  a  grey,  banded  calcareous 
sandstone,  about  two  or  three  inches  in  thickness.  This  rock 
(5876,  5877)  is  compased  of  angular  grains  of  quartz  and  felspar 
(.1-.2  mm.),  flakes  of  biotite  and  white  mica,  a  few  grains  of 

amet,  sphene,  iron-ores,  and  epidote,  and  a  matrix  of  calcite. 

he  heavy  minerals  and  the  micas  are  arranged  in  layers 
parallel  with  the  stratification,  and  doubtless  owe  this  mode  of 
distribution  to  the  sowing  action  of  gentle  currents.  Portions 
of  the  calcareous  matrix  possess  a  veiy  peculiar  granular 
structure.  They  are  composed  of  more  or  less  rounded  grains  of 
calcite  of  approximately  uniform  size  (about  .02  mm.).  The 
grains  occur  singly  and  in  clusters.  The  meaning  of  this 
structure  is  very  obscure.  It  may  possibly  be  organic,  but,  if 
so,  the  nature  of  the  organism  is  unknown. 

The  beds  of  calcareous  grit  are  interstratified  with  the  upper 
part  of  the  black  shales,  and  the  ])ortion  of  the  series  containing 
them  is  immediately  succeeded  by  red  fels])athic  sandstones. 
The  abiiipt  change  in  colour  certainly  indicates  a  sudden  and 
important  change  in  the  conditions  of  deposition,  probably  allied 
to  that  indicated  by  a  similar  cli;ni<ie  in  colour  at  the  junction 
of  the  Keuper  and  R luetic  series  in  England. 

The  shales  of  the  TTpper  Torridonian  group  are  well  developed 
at  Cailleach  Head,  Loch  Broom  (8758,  8700),  where  they  are 
associated  with  micaceous  sandstones  containing  two  micas 
(8759).  One  specimen  (87G0)  is  of  great  interest  on  account  of 
the  presence  of  black  phosphatic  lenticles.  It  is  distinctlv 
laminated,  and  contains  minute  grains  of  quartz,  felspar,  and 
epidote  (.05  mm.  or  less)  associated  with  two  micas.  The 
lenticles    (1  x  1  x  |   in.)   consist   of  the  finer   portions  of  the 
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BHtlinientaiy  materia)  cemented  with  brown  amorplicnfi  phosphate. 
In  transverse  sections  the  laniiuation  of  Ihe  nick  can  te  diptiuctlv 
traced  into  the  lenticle,  but  the  laminte  are  further  tpaii  in  the 
Ituticle  than  they  ore  in  the  shale,  thus  proving  thlt  there  has 
been  greater  compi-ession  in  those  portions  of  tha  l-ock  which 
have  not  been  cemented  by  phosphate. 

The  general  appearance  of  the  phosphate  is  preoieely  similar 
til  that  of  the  concretions  which  occur  in  many  geological  forma- 
tions, and,  as  is  almost  always  the  case,  it  is  associates  with  some 
carbonate.  Under  these  circumstances  it  becomes  interesting 
ti)  search  for  traces  of  organic  structure.  Under  the  mioriMOope 
the  amorphous  brown  phosphate  is  seen  to  contain  Dunnte 
spherical  bodies  (about  .01  mm.),  which  occur  both  sincly  and  in 
groups :  also  brown  fibres,  about  .(H)4  mm.  in  breadu,  and  of 
lengths  Taryiue  from  a  few  hundredths  to  several  tentlu  of  a 
millimetre.  These  fibres  may  be  cither  straight,  omred,  or 
even  looped. 

Seeing  that  pltosphateB  oi  this  type  are  always  aasooiatod 
irifli  o^puussu,  it  seems  impossible  to  avoid  tlie  ctmcliuitm  that 
theee  peeuliar  Btraotares  are  of  o^anic  origin ;  bnt  the  sridenoe 
at  piMent  available  ia  not  sufficient  to  indicate  the  nature  of  ihe 
onaDisnu. 

The  facts  abore  deaoribed  dearly  indicate  that  a  oonoemtratiott 
of  phosphatio  matter  took  place  during  or  immediately  after  the 
aoonmmation  of  the  sediiiient.  A  similar  concenfavtian  has 
ooenrred  in  sedimentaiy  rocks  of  many  different  eeologioal 
periods ;  bnt  in  most  oases  the  loose  deposit  in  which  me  actim 
took  place  has  been  winnowed  awav  oy  a  process  of  contem- 
poraneous erosion,  so  that  the  nodules  are  not,  as  a  rule, 
embedded  in  their  original  matrix  as  they  are  in  this  case. 

The  Lower  Torridon  groups  of  the  thrust  areas,  extending 
from  Loch  Kisbom  to  the  Point  of  Sleat  in  Skye,  include  an 
extensive  series  of  grey  and  greenish-grey,  fine- grained  schisto.se 
grits  or  grerwackes.  These  rocks  answer  to  the  "  grauwacke- 
schiefer  "  of  German  petrologists.  They  alternate  with  other 
cleaved  rocks  which,  in  their  original  condition,  must  have  been 
sandy  shales.  In  these  rocks  the  dominant  felspar  is  plagioclase 
instead  of  microcline,  and  epidote  and  chlorite  are  not 
uncommon.  The  lowest  beds  in  this  district  are  often  extremely 
rich  in  epidote,  and  on  this  account  are  often  referred  to  as 
epidotic  grits  and  conglomerates. 

TBE  m-NAMIC  METAM0RPHI8M   OF  TORRIDONIAN   ROCKS. 

The  effectd  of  dynamic  metamorphism  upon  the  Torridonian 
rocks  are  very  marked  in  certain  places.  A  series  of 
specimens  (3363-2369)  from  the  district  of  Lochs  Kisborn  and 
Carron,  collected  by  Sir  Archibald  Geikie,  the  Directoi^General, 
well  illustrates  these  effects  on  medium -trained  grits, 
essentially  composed  of  quartz,  microcline,  and  oligoclase.     The 
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least  altered  rocks  are  easily  recognisable  as  grits,  but  the 
outlines  of  the  grains  are  not  so  well  defined  as  in  the  unaltered 
specimens,  and  a  marked  fluxion  structure  is  seen  on  transverse 
surfaces.  The  quartz  grains  have  often  been  drawn  out  into 
lenticles  and  even  into  thin  folia  which  wind  round  "  eyes  "  of 
pink  felspar  (2263).  The  hand  specimens  are  traversed  by 
planes  of  schistosity  which  are  glazed  with  sericitic  mica  (2263 
and  2266),  and  in  extreme  cases  may  be  termed  sericitic  schists 
(2269).  Under  the  microscope  the  rocks  are  seen  to  consist  of 
more  or  less  deformed  grains  of  quartz,  alkali-felspar,  and  oligo- 
clase,  with  a  variable  amount  of  secondary  crypto-  or  micro- 
crystalline  material.  The  series  illustrates  all  the  points 
referred  to  in  describing  the  effects  of  dynamic  action  on  quartz 
and  felspar.  The  secondary  crypto-  or  micro-crystalline  material 
with  which  the  sericitic  mica  is  associated  is  of  special  interest 
because  it  approximates,  in  structure,  to  crystalline  schists  of 
the  Moine  type.  It  suggests  the  conclusion  that,  if  the  deforma- 
tion had  taken  place  under  a  greater  load,  and  therefore  in  all 
probability  at  a  higher  temperature,  a  holocrystalline  schist  of 
true  Moine  type  might  have  been  produced. 

Another  important  series  illustrating  the  effects  of  dynamic 
metamorphism  near  the  inverted  base  line  of  the  Torridon 
Sandstone  near  Coulin,  over  the  Kinlochewe  thrust-plane,  was 
collected  bj  Dr.  Home  (3713-3723).  The  first  of  the  series  is 
from  a  point  40  feet  below  the  junction  line,  and  the  others 
follow  in  order  up  to  the  junction  of  the  two  formations.  The 
locality  is  3  miles  south  of  Kinlochewe.  The  rocks  vary  in 
colour  from  pale  pinkish-grey  to  dark  greenish-grey.  Dark 
greenish  rocks,  weathering  to  a  light  cream  or  buff  colour,  pre- 
dominate. They  are  all  more  or  less  schistose,  and  in  texture 
vary  from  medium-grained  to  compact.  When  the  schistosity 
is  even  and  regular  the  finer-grained  rocks  break  with  a  platy 
fracture  reminding  one  of  that  of  the  Moine-schists.  The 
constituents  are  quartz,  microcline,  oligoclase,  white  mica 
(mostly  sericitic),  iron-ores  (scarce),  and  a  micro-crystalline  or 
crypto-crystalline  matrix.  Microcline  is  the  dominant  falspar. 
The  larger  constituents  show  the  pressure  phenomena  already 
described,  and  the  quartz  grains  especially  often  merge  into  the 
crypto-crystalline  matrix  in  such  a  way  as  to  show  that  they  have 
contributed  to  its  formation.  Flakes  of  clastic  mica  may  be 
recognised  in  some  of  the  finer-grained  specimens,  but  the 
sericitic  mica  which  is  associated  with  the  matrix  is  mainly  of 
secondary  origin. 

The  matrix  gives  a  felsitic  appearance  to  many  of  the  hand 
specimens  in  which  the  original  structure  has  almost  entirely 
disappeared.  Under  the  microscope  it  cannot  be  resolved  into 
distinct  grains.  The  structure  is  crypto-crystalline  verging  on 
micro-crystalline.  It  is  associated  with  streaks  of  sericitic  mica. 
This  matrix  in  which  the  relics  of  the  original  grains  are 
embedded  represents  in  part  the  finer-grained  sedimentary 
material  and  is  in  part  of  secondary  mylonitic  origin. 
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Looking  at  the  series  as  a  whole,  it  is  noticeable  that  the 
I  east- altered  specimens  occur  furthest  from  the  juuction  line  of 
the  Lewisian  and  Torridonian  rocks,  while  the  most  altered 
specimens  are  those  from  its  immediate  neighbourhood.  The 
increase  in  alteration  is  not,  however,  uniform.  Bands  exhibit- 
ing the  effect  of  intense  shearing  alternate  with  others  in  which 
the  effects  of  sheariuf;  are  much  less  marked. 


CHAPTER  XVII. 


CAPE  WRATH  TO  LOCH  LURGAN*. 

The  district  described  in  the  present  chapter  includes  a  strip 
of  country  which  runs  along  the  western  margin  of  the  counties 
of  Sutherland  and  Ross  from  the  northern  cliffs  of  Cape  Wrath, 
across  the  Parph,  Ederachillis,  and  Assynt  to  the  chain  of  lakes 
that  runs  through  the  heart  of  Coigach.  Several  easily  separ- 
able tracts  of  Torridonian  strata  can  be  distinguished  along  this 
belt.  At  the  northern  end  a  group  of  much-faulted  outliers  of 
these  rocks  covers  most  of  the  ground  between  the  northern  cliffs 
and  Loch  Inchard.  After  a  considerable  interval  in  which  the 
Torridonian  covering  has  been  completely  removed  from  the 
plateau  of  gneiss  a  detached  outlier  is  found  in  Handa  Idand. 
To  the  south  of  another  intervening  tract  of  gneiss  we  come  upon 
the  huge  detached  outliers  of  Assynt  with  the  long  outlier  of 
Rhu  Stoer,  while  still  further  southward  the  Torridon  formation 
gathers  into  a  more  continuous  development  and  sweeps  up  into 
the  great  mountainous  range  of  the  Coigach  Hills. 

Cape  Wrath  District. — The  area  between  Cape  Wrath  and 
Loch  Inchard  includes  near  its  northern  limits  the  desolate  tract 
known  as  the  Parph — ^for  the  most  part  a  barren  treeless  waste, 
where  dreary  expanses  of  wet  peat-moss  alternate  with  bare  and 
rocky  or  peat-covered  hills.  These  hills,  as  is  usually  the  case 
with  Torridonian  mountains,  have  no  definite  arrangement,  but 
form  isolated  clusters  or  solitary  peaks — the  denuded  fragments 
of  the  once  widespread  covering  of  sandstone.  Of  the  former 
type  of  ground,  the  hilly  divstrict  immediately  north  of  Strath 
Sinairidh  is  the  best  example.  It  includes  Beinn  Dearg  Mhor, 
Meall  Dearg,  Meall  na  Moine,  and  Creag  Riabhach,  all  of  which 
reach  a  height  of  over  1500  feet.  Fasbheinn  and  Farmheall  are 
the  most  conspicuous  of  the  solitary  peaks,  the  latter,  with  its 
capping  of  Cambrian  quartzite,  rising  to  1709  feet.  In  striking 
contrast  to  the  tameness  and  monotony  of  the  interior  are  the 
stupendous  vertical  precipices  of  the  northern  coast-line,  600  to 
700  feet  in  height,  formed  by  the  nearly  horizontal  sandstones  of 
the  Clo  Mhor,  between  Cearbhag  Bay  and  the  north  end  of 
Sgribhinn.     Less  lofty  but  equally  precipitous  cliffs  of  purple 

♦  By  L.  W.  Hinxman,  with  notes  by  B.  N.  Peach  and  C.  T.  Clough.  The 
district  described  in  this  chapter  lies  in  the  ground  represented  on  Sheets 
101,  107,  113,  and  114  of  the  Geological  Survey  Map  of  Scotland  on  the  scale 
of  one  inch  to  a  mile  (firlffTr). 
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grit  and  sandstone  estend  along  the  greater  part  of  the  western 
shore-line  between  Cape  Wrath  and  the  mouth  of  Loch  Inchard. 
They  rise  directly  from  deep  wafer  and  present  a  steep  unbroken 
front,  save  where  a  narrow  gully  marks  a  line  of  fault,  or  a 
streamlet  has  cut  a  deep  ravine  down  to  the  sea. 

The  Torridonian  rocks  of  this  northern  portion  of  the  district 
have  been  divided  into  three  zones  possessing  well-marked 
characteriatics.  The  distribution  of  these  zones  is  shown  on 
Sheet  113  of  the  Survey  Map,  where  they  are  distinf^isbed  by 
the  letters  t',  t",  t'",  and  their  order  and  general  lithological 
characters  are  shown  in  the  subjoined  table:  — 


3.   Upper  Zone  (l") 

2.  Middle  Zone  (f) 
1.  Lower  Zone  (f) 


f  Fine-grntned,      frukblc,      banded     and 
mottled,    puiple   and    yoUow    false- 
!.     bedded  sondstonei;. 

'  C(uin)B>    false-bedded    sandst.iines   nnd 
grits,   witik  pebbly  bnnds   nt  tjevernl 


CoarBo  pebblj  conglomerate. 


Although  the  upper  and  m^iddle  Eouea  may  be  regarded  as 
probably  equivalent  to  portions  of  the  Aultb^  and  Applecrosa 
groups  reapectively,  it  must  be  understood  that  the  sub-divisionB 
given  above  are  only  of  local  application,  and  do  not  correspond 
to  the  three  main  groups  into  which  the  Torridonian  series  of 
the  more  typical  region  further  south  has  been  divided.  The 
basal  conglomerate  can  be  traced  more  or  less  continuously 
throughout  the  tract  near  Cape  Wrath,  but  ceases  to  form  the 
base  of  the  series  further  to  the  south.  Lower  strata  continually 
come  in  as  the  middle  or  arkose  group  thickens,  and  these  con- 
glomerates, while  preserving  their  relative  position,  pass  up  into 
the  series,  thin  out,  and  finally  cease  to  be  noticeable  as  a  horizon 
south  of  the  Quinag  area. 

^1)  Basal  Conglomerat e. — This  is  a  coarse  accumu- 
lation of  well-rounded  pebbles  ranging  in  size  from  that  of  a 
hazel-nut  up  to  fragments  4  inches  in  length,  set  in  a  purplish 
or  red  sandy  matrix  composed  of  rounded  grains  of  quartz  and 
felspar.  So  compact  is  this  matrix  that,  where  the  conglomerate 
is  undisintegrated,  the  pebbles  are  found  to  break  across  more 
readily  than  to  part  from  it  along  a  joint-face. 

An  examination  of  the  pebbles  at  various  places  shows  the 
great  majority  of  them  to  be  composed  of  vein-quartz  or  ted 
jasper,  the  former  predominating.  A  small  proportion  are  of 
quartzite,  chert,  and  felsite,  and  occasional  fragments  of  mica- 
schist,  gneiss,  and  a  dark-greeniah  porcellanous  volcanic  rock 
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are  also  met  with.  The  origin  of  most  of  these  pebbles  from 
some  distant  source  has  already  been  referred  to,  while  their 
large  size  and  uniformly  well-rounded  appearance  seems  to  indi- 
cate the  near  vicinity  of  a  shore-line  and  the  frequent  influx  of 
stream-borne  material. 

The  following  localities  are  those  where  the  basal  con- 
glomerate is  best  seen  and  most  typically  developed: — Between 
Dail  and  Cnoc  na  Ba  Ruaidhe  at  the  mouth  of  the  Kyle  of 
Durness ;  immediately  south  of  Cape  Wrath  Lighthouse ;  round 
the  base  of  Fasbheinn,  where  the  zone  reaches  its  maximum 
thickness  of  180  feet ;  Sheigra  and  Ballnacraig,  along  the  north 
shore  of  Loch  Inchard;  north  of  Kinloch  Bervie,  where  it  is 
from  50  to  100  feet  thick  and  contains  some  pebbles  of  green 
schist ;  along  the  north  face  of  Creag  Riabhach  (5-100  feet) ;  in 
the  Achricsgill  Water  at  the  road  side  near  Rhiconich ;  and  on 
the  west  and  north  faces  of  Farmheall. 

(2)  Grits  and  Sandstone  s. — The  rocks  included  in 
the  middle  zone,  which  occupy  by  far  the  largest  area  of  the  three 
divisions,  consist  of  a  series  of  red,  purple,  and  chocolate- 
coloured  coarse  sandstones  and  grits,  with  occasional  seams  or 
thin  bands  of  fine-grained  red  and  purple  sandstone  and  fre- 
quent pebbly  bands.  These  last  are  especially  developed  near 
the  base,  either  as  beds  of  conglomerate  or  as  lines  of  small,  less 
completely  rounded  pebbles  scattered  sparsely  through  a  sandy 
matrix.  They  are  distinguished  from  the  basal  conglomerate 
by  the  smaller  size  of  their  pebbles  and  the  frequent  intercala- 
tions of  grit  and  sandstone  in  them.  False-bedding  characterises 
the  whole  of  the  finer- grained  members  of  the  series,  but  is  most 
frequent  in  the  upper  portion.  These  planes,  due  to  current 
action,  are  often  inclined  at  a  considerable  angle  to  the  true 
bedding  planes. 

The  rocks  of  this  zone  are  well  exposed  along  the  cliffs  of  the 
west  coast  between  Cape  Wrath  and  Sheigra,  and  on  the  north 
from  Bagh  Cearbhag  to  the  Geodha  Sligeach,  where  they  form  a 
range  of  vertical  precipices  which  at  Clo  ^f6r  reach  a  height  of 
more  than  600  feet.  False-bedding  is  conspicuous  in  the 
finer  sandstones  along  the  top  of  these  cliffs.  It  dips  in  the 
opposite  direction  to  the  true  bedding,  to  which  it  is  inclined  at 
angles  of  10^-15^.  The  rocks  can  also  be  studied  on  the  summit 
and  western  peaks  of  Farmheall,  on  Fasbheinn,  and  on  the  hills 
on  either  side  of  Strath  Sinairidh.  The  thickness  of  the  zone 
on  the  west  side  of  Beinn  Dearg  Mhor  is  at  least  1100  feet,  but 
decreases  to  the  eastwards,  and  on  Farmheall  does  not  exceed 
900  feet. 

(3)  Banded  Sandstone  s. — The  highest  zone  of  the 
series  is  made  up  of  fine-grained,  friable,  striped  and  mottled, 
purple  and  yellow  sandstones,  with  occasional  intercalations  of 

frit.     These  strata  usually  occur  in  thin  layers,  and  are  false- 
edded  throughout.     Their  friable  nature  causes  them  to  dis- 
integrate readily,  and  the  amount  of  loose  crumblv  debris  that 
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Dovan  ths  nufaoe  on  iha  luU-topt  wkeze  they  occur  sugeesta 
ttftt  a  lai]g«  particn  cdF  them  m^  not  improbably  have  oeen 


nauorect  by  deimdktiioii  piiar  to  the  laying  down  of  the  Cambruia 
qnutnte  i^ou  tiam,  «  veil  ae  usee  their  re-exposnre 
after  the  xamoval  of  the  quartiite.  This  zone  caps 
the  nimiiiii  of  moit  of  the  hif^er  hills  of  the  northern  area, 
and  fonni  &e  vpper  60  feet  or  ao  of  the  cliffs  between  Bagh 
Geiageaoh  and  Oeooha  Btiadh  an  ^  Seatmabbaid,  four  mileG  sontli 
of  Cape  Wrath. 

A  xofarenoe  to  Sheete  113  and  114  will  show  that  the  areas 
oaoapied  hj  TomdoniaiL  strata  eoutiL  of  Cape  Wradi  are 
.  anangad  in  nnriify  parallel  bands  that  stretoh  aoxMs  tiw 
eoontry-  fmn  soou-vest  to  north-east.  These  areas  are  in  eveiy 
case  determined  hy  firalis  that  boond  them  on  cme  or  more  odea. 
Theee  diilooationsj  br  letting  down  the  sandstones  against  the 
harder  nnideriTing  gneiss,  hare  doobtleas  preserved  them  to  some 
d^ree  from  the  wEeots  of  denodation.  The  smaU  onUier  of 
eonglomerate  above  Loch  na  Gainmhioh,  between  Fasbheiim  and 
Beun  Deara  Bheag,  is  iade«l  the  only  outlier  wiftont  anjf 
liaaking  faut  lAere  the  whole  erf  the  remnant  of  the  Tom- 
donian  corerinff  oan  be  seen  in  ita  original  nnoonlormaUe  rela- 
tion to  the  gneiss  below.  These  boondary  faults  arrange  theu- 
aelTes  in  two  well-marked  conjugate  systemB,  their  geoMal  trend 
being  respectively  from  south-west  to  north-east  and  soath-aast 
to  iwrtii-west.  Ths  downthrow  of  the  north-west  faolta  is 
invariably  to  the  east,  and  these  dislocations  appear  to  be  of  later 
origin  than  Uie  north-essterlT  Bcries,  which  m  several  instances 
have  been  ahiited  or  cut  off  by  them. 

Six  to  eight  of  the  north-east  lines  of  fracture  have  been 
mapped  from  Cape  Wrath  southward.  The  first  of  them  crosses 
the  headland  of  the  Gape  from  sea  to  eca  ajid  lets  down  two  small 
patches  of  the  basal  conglomerate,  one  of  which  is  well  seen 
capping  the  nieiss  along  the  roadside  near  the  lighthouse  gate- 
way, where  it  consists  of  a  thin  cake  of  coarse  conglomerate, 
disintegrating  into  loose  sand  and  pebbles,  some  of  which  are 
from  two  to  four  inches  in  length.  The  next  fault,  a  mile 
further  south,  is  of  much  greater  magnitude,  and  produces  a 
striking  feature  on  the  coast.     An  almost  vertical  fault-face  <d 

fneiss-walls  is  there  seen  to  run  up  a  narrow  gorge  for  some 
istance  from  the  sea,  the  downthrow  being,  as  in  the  first  case, 
to  the  south.  The  course  of  this  fault  inland  is  for  the  most 
part  conjectural,  but  it  probably  reaches  the  northern  coast  and 
forms  the  stnught  cliff-feature  which  bounds  the  Geodha  na 
Seamraig  on  the  west. 

From  Bagh  Geisgach  another  fault,  also  with  a  southerly 
hade,  traverses  the  col  between  Sithean  na  h-Iolaire  and  Cnoc 
a'  Ghiubhais,  bringing  the  banded  sandstones  of  the  highest 
Bone  down  against  the  pebbly  grits  of  the  former  hill,  and 
shifting  the  main  outcrop  of  the  conglomerate  more  than  half  a 
mile   rack   to   the   east   along   the   eastern   slope   of  Cnoc    a' 
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Ghiubhais.  These  banded  purple  sandstones  continue  south- 
wards along  the  coast  and  form  the  upper  part  of  the  cliffs  as  far 
as  Geodha  Buadh  an  t-Seannabhaid,  where  they  are  cut  off  by  a 
small  fault  running  in  an  E.S.E.  direction.  The  false-bedded 
grits  and  sandstones  of  Cnoc  a'  Geodha  Ruaidh  dip  steadily  to 
the  south  at  9^  to  12^  till  within  a  short  distance  of  the 
mouth  of  the  Strath  na  Caillich  burn,  where  they  become  much 
disturbed.  Finally  the  basal  conglomerate,  brought  up  by  a 
small  fault  and  a  reversed  dip  to  the  north,  is  seen  faulted 
against  the  gneiss  by  a  powerful  dislocation  with  a  downthrow 
to  the  north,  which  runs  eastward  past  the  foot  of  Loch  Geis- 
geach  and  loses  itself  under  the  peat-mosses  of  the  Parph. 

A  narrow  tongue  of  gneiss  separates  the  Geisgeach  outlier 
from  the  next  Torridonian  area  to  the  south.  This  is  the  most 
important  development  of  this  formation  in  the  Cape  Wrath 
area,  since  it  covers  a  space  of  some  25  square  miles,  divided 
into  two  nearly  equal  parts  by  Loch  Sandwood  and  Strath 
Sinairidh.  The  area  is  bounded  on  the  north  by  the  natural 
outcrop  of  the  basal  conglomerate,  which  runs  north-eastwards 
with  a  sinuous  course  from  the  mouth  of  Loch  Sandwood  to  the 
Chearbhaig  bum,  where  it  is  shifted  ^  mile  to  the  north  by  a 
small  cross  fault.  It  then  sweeps  round  the  lower  contours  of 
Maol  Meallach  till  it  is  cut  off  by  the  large  fault  which 
forms  the  eastern  limit  of  the  area  as  far  as  the  foot  of  Creag 
Riabhaich.  This  fault,  which  thus  throws  back  the  Torri- 
donian outcrop  fully  three  miles  to  the  south,  is  perhaps  the 
most  powerful  of  the  north-east  system  of  dislocations,  and  its 
downthrow  on  Creag  Riabhaich,  where  it  brings  together  the 
highest  and  lowest  zones  of  me  Torridonian,  must  be  at  least 
1000  feet.  It  is  continued  over  the  summit  of  Beinn  Dearg 
Mh6r,  letting  down  the  banded  sandstones  against  the  grits  of  the 
middle  zone,  and  crosses  Strath  Sinairidh,  after  which  its  course 
is  concealed  by  the  thick  covering  of  peat  and  drift  that  sur- 
rounds Loch  Mhor  a  Chraisg. 

Less  than  two  miles  further  to  the  east,  another  parallel  fault 
with  a  downthrow  to  the  north  crosses  the  area,  and  shifts  the 
outcrop  of  the  conglomerate  along  the  north  side  of  Meall  na 
Moine.  The  course  of  this  fault  west  of  Strath  Sinairidh  is 
marked  by  the  strong  feature  seen  along  the  hillside  between 
Loch  Coir  k  Phris  and  Loch  Carn  tl  Mharbhais  Aite,  where 
the  dislocation  runs  along  the  centre  of  a  shallow  synclinal 
trough.  On  the  north-eastern  slopes  of  Meall  na  Moine  the 
conglomerate  is  again  cut  off  by  another  fault  hading  north, 
which  forms  the  boundary  of  the  area  for  four  miles  westwards 
as  far  as  the  small  bum  flowing  into  the  head  of  Loch  Cam  h 
Mharbhais  Aite.  From  this  point  the  natural  base  line  of  the 
Torridonian  extends  westwards,  shifted  by  two  or  three  cross 
faults,  to  the  head  of  Loch  Innis  na  Ba  Buidhe,  where  it  is 
once  more  truncated  by  the  Meall  na  Moine  fault  referred  to 
above.     The  basal  conglomerates  are  well  exposed  on  the  hill 
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slope  north  of  the  Free  Church,  where  they  dip  uorth  and  north- 
west at  b°-\2°. 

The  western  boundary  of  this  tract  of  Torridon  Sandstone  is 
largely  determined  by  tlie  powerful  fault  that  runs  S.S.E.  from 
Kudh'  an  Fhir  Leithe  to  Kinloch  Bervie,  south  of  which  its 
course  is  probably  indicated  by  the  straight  western  shore-line 
of  Loch  luehard  and  the  valley  of  the  Garbet  Beag  river.  For 
nearly  three  miles  north  from  Loch  na  Claise,  and  again  along 
the  east  side  of  Cnoc  Poll  a'  Mhurain,  the  grits  and  sandstones 
of  the  middle  zone  are  brought  against  the  gneiss ;  but,  as  the 
fault  runs  for  the  most  part  along  a  peaty  hollow,  the  actual 
junction  of  the  two  formations  can  nowhere  be  seen.  Between 
Blarmor  aud  Sheigra,  and  along  the  coast  from  the  latter  place 
to  Ruadli'  an  Fhir  Leithe,  the  lower  Torridonian  strata  rest 
unconformably  upon  the  gneiss  on  the  west  side  of  the  fault, 
forming  two  irregular  patches  much  cut  up  by  small  parallel 
cross  iaults.  Coarse  pebbly  grits  and  conglomerates  dipping 
north-west  at  8°-15°  rise  in  a  series  of  craggy  knolls  and  escarp- 
ments about  Blarmor  and  Balluacraig,  and  the  unconformable 
junction  is  well  seen  along  the  base  of  the  cHff  at  Sheigra  aud  on 
the  shore  at  the  mouth  of  the  Locli  Poll  a  Mliurain  burn.  Other 
small  outliers  of  conglomerate  occur  on  Eileau  na  h'Adaig  (two 
miles  north-west  of  Kinloch  Bervie)  and  among  the  blown-sand 
hUls  at  Old  Shore  More. 

The  southernmost  of  the  Torridonian  areas  between  Cape 
Wrath  and  Loch  Inchard  lies  immediately  tti  the  west  of  the 
Duxne^s  and  BLiconicJi  road,  and  includes  the  conspicuous  ridge 
of  Farmheall  and  the  lower  heights  of  An-t-Socach,  Creag 
Biabhach,  and  Meall  na  Moine.  In  this  outlier  also  the  effect 
of  faults  in  producing  an  extremely  irregular  outline  is  well 
shown.  By  a  series  of  parallel  north-eaet  faults  the  outcrop 
of  the  zones  is  continually  shifted,  as  may  be  seen  round  the 
flanks  of  Au-t-Socach  and  along  the  north  side  of  the  outlier, 
though  there  ia  reason  to  suppose  that  the  irregularity  may  be 
here  due  in  some  measure  to  the  uneven  surface  of  the  gneiss  on 
which  the  Torridonian  strata  were  laid  down.  The  basement 
bed  along  the  north  face  of  An-t-Socach  is  a  coarse  breccia  con- 
taining large  angular  fragments  of  the  underlying  gneiss.  This 
i?  the  only  locality  in  the  Cape  Wrath  area  where  such  a  type  of 
basal  breccia  has  been  observed,  though  it  is  of  such  frequent 
occurrence  as  a  local  base  to  the  Torridonian  rocks  further  south, 
where  it  invariably  iudicates  an  uneven  surface.  It  may  be 
mentioned  that  at  the  head  of  the  Allt  Garbh,  half  a  mile  to  the 
west  of  An-t-Socach,  a  small  dome  of  gneiss,  from  which  the 
beds  dip  away  on  every  side,  protrudes  through  the  conglomerate 
and  affords  the  first  direct  evidence  of  such  an  uneven  floor. 
Another  small  inlier  of  gneiss  will  be  noticed  among  the  con- 
glomerates about  \  mile  west  by  north  of  Loch  Gainimh,  and 
inough  it  ia  shown  on  the  map  as  cut  off  on  the  south  side  by  a 
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fault,  it  may  not  improbably  also  represent  a  prominence  of  the 
pre-Torridonian  surface. 

The  south-eastern  limit  of  the  Cape  Wrath  area  is  marked  by 
the  powerful  line  of  dislocation  that  runs  from  the  head  of  Loch 
Inchard  to  the  north  coast  at  Smoo  and  defines  the  eastern  side 
of  the  Durness  basin.  The  line  of  this  fault  almost  coincides 
with  that  of  the  high  road  for  some  distance  westwards  from  the 
Gualainn  House.  At  the  point  where  it  leaves  the  road,  about 
two  miles  north  of  Rhiconich,  the  basal  conglomerate,  here 
faulted  against  the  gneiss,  is  well  exposed  in  the  deep  ravines 
cut  by  the  two  streams  that  here  join  to  form  the  Achrisgill 
Water.  Coarse  conglomerate  composed  of  pebbles  of  vein- 
quartz,  quartzite,  jasper,  and  felsite,  from  an  inch  to  four  inches 
m  length,  is  seen  at  the  waterfall,  both  resting  unconformably 
upon  and  faulted  against  the  gneiss.  Higher  up  the  AUt 
Leacach  the  conglomerate  alternates  with  beds  of  purple  grit  and 
sandstone,  one  to  three  feet  in  thickness,  dipping  east  at  6^  to 
11^.  Similar  rocks,  which  with  a  southerly  dip  appear  along 
the  roadside  between  this  point  and  the  Gualainn  House,  belong 
to  the  lower  part  of  the  middle  zone,  and  are  in  faulted  con- 
junction with  the  gneiss  which  is  exposed  on  the  shores  of  Loch  an 
Tarbhach  Mdr  (three  miles  north-east  of  Rhiconich).  A  cross 
fault,  which  comes  down  to  the  road  a  few  hundred  yards  beyond 
the  Gualainn  House,  cuts  off  the  basal  conglomerate  round  the 
end  of  Meall  na  Moine,  and  throws  down  the  middle  grits  along 
the  flank  of  Farmheall  against  the  gneiss  in  the  hollow  between 
the  Peur  lochs  and  the  Gualainn  burn.  Half  a  mile  further 
north  the  main  fault  leaves  the  road  for  the  course  of  the 
Dionard  river,  and  a  branch  fault  with  a  contrarj^  downthrow 
cuts  off  the  Torridonian  strata  along  the  base  of  Farmheall. 
This  fault  has  a  downthrow  to  south-east,  and  brings  the 
Cambrian  grits,  that  rest  unconformably  on  the  sandstones  over 
the  summit  of  the  hill,  against  the  Torridon  grits  below  the  road. 
The  Cambrian  strata  thus  lie  in  a  trough-fault  at  the  apex  of  the 
triangle  formed  by  the  Durness  basin. 

In  the  Fasbheinn  outlier,  which  occupies  an  area  one  mile  in 
length  by  half  a  mile  in  breadth  immediately  to  the  west  of 
Loch  Airidh  na  Beinne,  the  Torridonian  strata  rest  unconform- 
ably upon  the  gneiss,  except  at  the  south-east  corner,  where  the 
lowest  beds  are  cut  off  for  a  short  distance  by  a  branch  of  the 
Creag  Riabhach  dislocation.  But  for  this  interruption  the  basal 
conglomerate  can  be  traced  almost  continuously  round  the  hill. 
On  the  north-west  face  it  attains  a  thickness  of  about  180  feet. 
The  upper  part  of  the  hill  is  made  up  of  the  grits  of  the  middle 
zone,  dipping  8.S.E.  at  an  average  angle  of  10°. 

A  smaller  outlier  on  Beinn  a'  Bhacaidh,  one  mile  south-east 
of  Loch  Airidh  na  Beinne,  shows  on  its  western  side  the  con- 
glomerates resting  unconformably  upon  the  gneiss  and  rising 
in  successive  escarpments,  their  dip  being  to  south-east  at  angles 
of  10^-15^.     A  few  hundred  yards  further  east  they  are  over- 
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lltn  by  tile  Cuabriau  qtiartzite,  wliicli  is  inclined  in  the  s 
dizeetuni  bnt  at  a  considerably  higher  angle  {30°-35°).  The 
MMXmfennalJe  relation  of  these  two  formations  is  well  seen  here, 
tiie  MOaipDuatl  of  Ton'idonian  conglomerate  being  successively 
oat  ofl  by  tlie  MMUrped  outcrop  of  the  Cambrian  quartzite.  A  ' 
dioii  diitanoe  fnrthe]-  eastwards  the  overlap  is  still  more  stronely 
marked,  for  tke  q^nartzite  is  there  seen  to  rest  directly  upon  the 
gnaiMi  wiUtont  the  intervention  of  the  conglomerate. 

The  pomifal  dialocation  which  crosses  the  Kjle  of  Durness  at 
EeoIdBle,  and  miu  north-west  to  Ce&rbhag  Bav,  throws  down  to 
Um  until  two  OCHUidejraUd  Ai'oae  oi  T&i'iiUiuuan  roeiiM.  hk  t>he 
noaller  of  dieae,  which  lies  to  the  weat  and  north  of  Dail,  at  the 
Month  ai  the  Kvle,  the  basal  conglomerates  are  well  expoeed  at 
tiie  ntadade  a  little  beyond  the  ahepherd'a  hooae,  and  aa  the 
eMtem  side  of  the  area  near  the  track  leading  to  the  piar.  Hie 
ontorop  on  this  eastran  side  is  extremely  irregolar,  the  oon- 
clanerate  lyins  in  tongues  and  small  ontlying  patohea  among 
uie  hdlows  ol  the  gneiss.  An  irregolaiity  of  this  kind  may  be 
partly  dna  to  deposition  <m  an  nnevesi  snrfaoe,  bat  probuiW 
partly  also  to  a  system  oz  small  parallel  faults  which  have  shifted 
the  ontcrcp  and  determined  the  steeper  sidee  of  the  troogh-like 
hollows  in  whioh  the  conglomerate  appears. 

Smtda. — ^Tbis  island,  about  a  scmare  mile  in  tatAeat,  ooniiitB 
entirely  of  Torridon  Sandstone.  Its  bold  sea-cliffs  are  mostly 
inaccessible,  bat  where  the  rocks  can  be  reached  th^  are  foand 
to  oonsiat  of  pebbly  beds  and  coarse  aandstoueB.  An  eacaminar 
turn  of  the  pebbles  at  the  north-east  corner  of  the  island  shows 
that,  in  addition  to  the  usual  quartz,  jasper,  and  quartzite,  the 
pebbles  include  fragments  of  purple  and  red  porpnyrite  or  fel- 
stone  with  pink  porphyritic  felspars,  a  porphyntic  ash-like  rock, 
and  grey  sedimentair  and  greenish-white  schistose  rocks.  Over 
the  greater  part  of  the  island  the  strata  are  very  gently  inclined 
or  almost  flat.  Towards  the  eastern  side  the  E.S.E.  dip  becomes 
more  pronounced  and  rises  to  20°  or  25^.  This  increase  of  dip 
is  probably  due  to  the  effect  of  a  large  fault  which,  running 
through  the  Sound  of  Handa,  throws  down  the  Torridouian 
strata  of  the  island  against  the  gneiss  of  the  mainland.  This 
fault  is  possibly  a  continuation  of  the  fault  that  runs  north-east 
through  Loch  Dubh  and  Loch  na  Gualainn  to  the  southern  shore 
of  Loch  Laxford.  Several  cruflb-lines  with  hade  to  west,  mark- 
ing subordiuate  parallel  faults,  are  seen  along  the  eastern  aide  of 
the  island. 

Ben  Breavie. — An  impressive  proof  of  the  denudation  which 
the  Torridouian  formation  has  suffered  is  furnished  by  a  small 
outlier  of  false-bedded  conglomerate  and  pebbly  sandstone  which 
caps  the  summit  of  Ben  Dreavie,  two  miles  to  the  south  of  Loch 
Stack.  This  isolated  patch  measures  no  more  than  450  yards  in 
length  from  east  to  west,  260  yards  in  breadth,  and  is  only  50  or 
60  feet  in  thickness.  Tbe  pebbles  in  the  conglomerate  here  reach 
B  length  of  three  inches,  and  consist  mainly  of  quarts,  jasper, 
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and  purple  quartzite,  while  the  finer  bands  contain  abundant 
fragments  of  felspar  and  pegmatite. 

The  fault  with  a  downthrow  to  the  south  which  runs  along 
Strath  an  Staca,  the  glen  to  the  north  of  Ben  Dreavie,  and  the 
uneven  surface  of  the  gneiss,  are  together  probably  sufficient  to 
account  for  the  absence  of  Torridonian  strata  on  the  much  higher 
summit  of  Ben  Stack  (2364  feet),  a  mile  and  a  half  to  the  north. 
But  the  further  extension  of  the  Torridonian  rocks  in  this  area 
i^  indicated  by  the  purple  staining  of  the  gneiss  around  the 
outlier. 

Quinag  (Plate  XXXI.). — A  Torridonian  area  of  considerable 
size  and  roughly  triangular  in  shape  lies  between  Loch  Cairn 
B&n  and  Loch  Assynt,  and  forms  the  imposing  mass  known 
collectively  as  Quinag.  This  mountain  rises  abruptly  on  its 
northern  side  in  two  steep  bluffs — Sail  Garbh  and  Sail  Ghorm — 
separated  by  the  deep  corrie  at  the  head  of  the  AUt  a'  Bhathaich. 
On  the  west  side  it  is  flanked  by  precipitous  cliffs,  600-700  feet 
in  height,  forming  a  line  of  escarpment  that  extends  north  by 
west  for  upwards  of  two  miles.  The  extreme  summit  (2653  feet) 
lies  a  quarter  of  a  mile  south  of  Sail  Garbh,  and  ls  capped  with  a 
small  outlier  of  the  Cambrian  basal  quartzite,  which  dips  in  the 
same  south-easterly  direction  as  the  underlying  sandstones,  but 
at  a  higher  angle.  Spidean  Coinich,  the  southern  peak,  is  also 
covered  unconformably  with  150  feet  of  Cambrian  strata  which, 
extending  down  the  eastern  side  of  the  hill  in  a  long  dip-slope 
inclined  to  E.vS.E.  at  an  average  angle  of  15^,  rapidly  transgress 
the  successive  beds  of  the  Torridonian  series  which  dip  east  by 
south  at  only  5^  to  6^. 

.  The  rocks  included  in  the  Quinag  area  may  be  referred  to  the 
middle  or  Applecross  group  of  the  Torridonian  formation.  They 
consist  for  the  most  part  of  massive  false-bedded  purple  grits  and 
sandstones  with  pebbly  bands.  On  the  summit  of  Sail  Ghorm 
and  in  the  upper  pai*t  of  the  cliffs  on  either  side  of  the  Bealach 
Chornaich  some  beds  of  banded  purple  sandstones  with  seams  of 
green  and  purple  shale  are  intercalated  with  the  grits.  These 
seem  to  be  of  local  occurrence,  and  are  not  to  be  regarded  as 
belonging  to  a  higher  group. 

Local  basement  beds  of  coarse  conglomerate  and  breccia  are 
found  along  the  northern  outcrop ;  and  finer  conglomerates  com- 
posed of  well-marked  pebbles,  and  rcssembling  the  conglomerates 
of  the  Cape  Wrath  area,  occur  some  400  feet  above  the  base  along 
the  southern  slope  of  Spidean  Coinich.  The  total  thickness  of 
the  Torridonian  strata  on  Sail  Garbh  is  about  1700  feet,  and  on 
Spidean  Coinich  1900  feet,  this  difference  being  probably  in  great 
measure  due  to  the  unevenness  of  the  surface  on  which  these  sedi- 
ments were  laid  down.  A  good  section  of  the  lower  portion  of 
the  series  is  exposed  in  the  Allt  Saobhaidh  Moire  on  the  east  side 
of  Sail  Garbh.  The  stream  in  the  upper  part  of  its  course  flows 
over  long  ripple-marked  slabs  of  red  grit  and  sandstone,  with 
occasional  bands  of  large  scattered  pebbles.     Lower  down,  at  the 
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700-feet  contour-line,  a  small  prominence  of  the  uneven  surface 
of  the  gneiss  is  seen  protruding  through  the  surrounding  beds  of 
coarse  conglomerate  and  breccia,  the  latter  of  which  contains 
blocks  of  gneiss  12  to  18  inches  in  length.  The  base  is  reached 
at  600  feet,  and  the  unconformable  junction  with  the  gneiss  is 
well  seen  between  the  burn  and  Loch  nan  Eun.  The  basement 
beds  here  exhibit  large  rounded  and  angular  masses  of  gneiss 
scattered  through  a  purple  sandy  matrix,  succeeded  above  by 
coarse  conglomerates  dipping  E.S.E.  at  low  angles. 

The  Torridonian  area  narrows  rapidly  from  Quinag  eastwards 
towards  Loch  Glen  Coul  until  it  is  completely  overlapped  by  the 
Cambrian  quartzite  at  a  point  half  a  mile  east  of  the  bridge 
crossing  the  Unapool  burn.  The  most  interesting  feature  of  the 
Quinag  outlier  is  the  striking  evidence  which  it  affords  of  the  ir- 
regularity of  the  surface  of  gneiss  on  which  the  Torridonian  strata 
were  deposited.  The  northern  outcrop  rises  rapidly  westwards 
from  the  600-feet  level  at  Allt  Saobhaidh  Moire  to  nearly  1500 
feet  on  the  north-west  face  of  Sail  Garbh.  The  basal  conglomerate 
is  seen  in  the  Allt  a  Bh&thaich  corrie,  but  as  the  observer  climbs 
the  slope  of  Sail  Ghorm  on  the  further  side  of  the  hollow  he  finds 
the  sandstones  rapidly  overlapping  against  the  flank  of  a  pre- 
Torridonian  hill  of  gneiss  which  rises  to  a  height  of  nearly  2000 
feet  above  the  sea  and  about  1200  feet  above  the  general  level  of 
the  gneiss-plateau.  The  steep  northern  face  of  Sail  Ghorm 
affords  several  good  vertical  sections  in  which  the  relations  of  the 
Torridonian  strata  with  the  gneiss  on  the  sides  and  summit  of  this 
ancient  mountain  can  be  studied.  Purple  grits  and  sandstones 
with  bands  of  shale,  well  up  in  the  series,  here  rest  on  the  eroded 
surface  of  the  gneiss,  the  hollows  in  which  are  in  most  cases 
filled  with  a  basement  breccia  made  up  of  angular  fragments  of 
the  underlying  rocks. 

On  the  west  side  of  Sail  Ghorm  the  Torridonian  outcrop  drops 
rapidly  to  the  1000-feet  level  above  Loch  an  Loothaid.  A  short 
distance  further  south  it  is  stepped  down  by  two  cross  faults  to  the 
800-feet  contour-line,  which  it  follows  to  the  head  of  Gleann 
Leirg,  where  it  is  cut  oft'  by  the  fault  which  follows  the  line  of 
the  pass.  The  natural  outcrop  is  seen  again  on  the  south  side  of 
the  pass,  but  its  course  is  for  the  most  part  concealed  by  moraines 
and  drift.  The  base  of  the  Torridonian  series  is  well  exposed  for 
some  distance  along  the  roadside  under  Lochan  na  Dunaich,  three 
miles  north-west  of  Inchnadamft',  until  a  small  fault  brings  it 
down  to  the  shore  of  Loch  Assynt,  a  mile  to  toe  west  of  Skiag 
Bridge  (two  and  a  half  miles  noiih-west  of  Inchnadamft).  The 
basement  bed  that  here  rests  on  the  uneven  surface  of  the  gneiss 
i3  not  an  ordinary  breccia,  but  consists  of  large  well-rounded 
pebbles  and  angular  blocks  of  gneiss  scattered  irregularly 
through  a  finer- grained  matrix. 

Chdlier  of  Stoer. — Tlie  whole  of  the  peninsula  of  Stoer,  which 
forms  the  most  westerly  portion  of  Sutherland  and  covers  about 
eight  square  miles,  is  occupied  by  the  Torridonian  formation,  in 
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which  the  groups  of  strata  represented  in  descending  order  in  the 
following  table  have  been  recognised  :  — 


6.  ApplecroBs 
CTroup. 


a.   Diabaig 
Group. 


9.  Purple  and  grey  arkoae  or  coarse  felspathic 
sandstone,  highly  false- bedded,  and  includ- 
ing layers  with  scattered  well-rounded 
l^ebbles  of  gneiss,  f elsite,  quartzite,  quartz- 
schists,  &c.  -  -  -  - 

8.  Bright  red,  more  siliceous,  false-bedded 
sandstone,  with  a  conglomerate  bed 
at  base  containing  pebbles  of  gneiss, 
quartzite,  (|uartz-schist,  &c, 

7.  Red  mudstones,       -  .  -  - 

6.  Green  mudstones  with  layers  of  carbon- 
aceous shale  and  thin  limestone  band, 
some  layers  showing  worm-tracks  and 
sun-cnicks,  .  -  -  . 

5.  Hard  rib  of  sandy  calcareous  mudstone, 
with  fragments  of  igneous  rock,    - 

4.  Red  mudstones  and  sandstones, 

3.  Conglomerate  with  well-rounded  pebbles  of 
Lewisian  gneiss  of  local  origin, 

2.  Red  sandstone,         -  -  -  - 

1.  Conglomerate  with  lai^e  well-rounded 
pebbles  of  Lewisian  gneiss  of  local  origin, 


Thickness. 


2500  feet. 


900    „ 
150    „ 


160    „ 


»f 


100 

900  „ 

150  „ 

200  „ 

250  „ 


The  prevalent  dip  throughout  is  towards  the  west,  so  that  the 
rocks  of  the  lower  or  Diabaig  group,  which  are  here  peculiarly 
developed,  occupy  the  base  of  the  peninsula,  while  those  of  the 
Applecross  group  form  its  extremity.  A  line  drawn  from 
Culkein  Bay  on  the  north  to  Ballchladdich  Bay  on  the  south 
coincides  with  the  junction-line  of  the  two  groups. 

Owing  to  the  extreme  inegularity  of  the  surface  of  the 
Lewisian  Gneiss  upon  which  the  Torridonian  rocks  rest  in  this 
reffion,  the  sub-divisions  Xos  1,  2,  and  3  of  the  Diabaig  group 
only  appear  on  that  part  of  the  eastern  margin  of  the  area  which 
lies  to  the  north  of  Stoer  Free  Churcli,  where  they  appear  to  fill 
what  was  a  hollow  in  the  gneiss.  The  conglomerate  (1)  is 
thickest  about  half-way  between  the  Church  and  the  township  of 
Achnacarnan,  and  dies  out  both  towards  the  north  and  the  south 
before  the  sea  is  reached  in  either  direction.  This  deposit  is 
singularly  coarse,  its  large,  well-rounded  pebbles  consisting  of 
the  Lewisian  rocks  of  tlie  region,  especially  of  acid  grey  gneiss, 
which  furnishes  the  largest  blocks  and  the  greatest  number. 
The  reddish  sandstones  or  arkoses  of  Xo.  2  follow  the  outcrop  of 
the  conglomerate,  passing  out  to  sea  northwards  and  dying  out 
southwards  against  the  gneiss  near  the  Free  Church.  No.  3  is  a 
conglomerate  similar  to  Xo.  1,  but  its  pebbles  are  not  so  large. 
It  thins  towards  the  north,  and  also  passes  out  to  sea  in  that  direc- 
tion, but  extends  southwards  as  far  as  Rienachait  (one  mile 
north  of  Stoer) ,  where  it  abuts  against  the  old  gneiss  ridge. 


Mt  TorHtbrntm  SiritB. 

Thm  dip  of  then  gnmpt  of  stnta  ia  ttnrardB  W.N.W.  at  aboni 
90**.  Tnnr  olttoroDl  in  dliftod  hj  a  Is^e  north-east  and  son^ 
VMt  fftolt,  trfiioh  ooinoidM  irifli  tlia  hoQoiv  at  Actmacaman,  and 
hu  a  downtluow  to  tiie  Kniflk-eut  of  oyer  800  f^i.  On  Hm 
■attihndeof  flieiidgoof  pkeinaliownoiithemap  (107)  the  straia 
oansiat  olsandittme  and  aAon,  with  a  thin  local  hrecciaoff^eiM 
frramonfa  ai  tha  base.  Aa  all  theae  beds  dip  towards  the 
W.n.'W'.  at  aiwlM  ti  over  20°  th«y  mvet  exceed  a  thickness  of 
600  faat,  to  HkmaaoM  at  the  lower  twds  may  be  the  equivalents  of 
ITot.  S,  2,  and  pcrhapa  also  of  No.  1  as  represented  on  the  otitar 
■ide  of  &e  ri^v.  The  oonditiona  of  deposit  wonld  thus  aeenii  to 
hare  been  diflermt  on  the  two  ndea  of  the  rids:e  in  Torridoniaa 
time.  When  die  junction  of  tilie  Tonidoniaa  rncks  with  Qie 
Xneiw  ii  followed  away  inmi  this  ridge  towards  the  soutii,  tho 
irregalarity  of  tiie  oA  gneiss  surfaoe  becomes  still  fnrthar 
apparent.  At  Looh  an  Sgeiradi  the  mndsiones  and  sandstones  of 
BuidKo.  4  are  there  eeen  to  be  in  contact  with  the  p^nei^t^.  vhile 
iarQittr  sonth  the  preamoe  of  anotiur  old  hollow  j^  iniliratcil  by 
bed  aftv  bed  abntting  against  the  gneiss.  The  deepest  point  o( 
tihe  hollow  coincides  with  the  bend  of  the  road  south  of  Olaohtnll, 
where]ooa]brecoiaare]^resentBandBNo.  3,  2,  andl.  Bands 4, 5, 
6,  and  7  are  most  topically  represented  in  the  low  olifls  on  Vba 
norili  ihrare  of  Stoer  Bay,  where  they  follow  one  aaotiur  in 
imlffoken  seqnenoe  towwda  W.^.W.  with  a  dip  of  abont  26^. 
Farther  north  they  oontinne  to  dip  in  the  same  directicm  hnt  at  a 
ataeper  angle  of  dip.  No.  4  can  be  traced  inland  across  I3ie 
peninsula  to  the  sea  on  the  north-east  coast,  bat  it  u  interrupted 
1^  some  minor  faults  near  Tota^  and  by  the  large  fanlt  already 
mentioned  as  occurring  at  Achnacaman. 

Band  No.  6  follows  the  same  course,  but  dies  out  before  reaching 
the  north  coast.  From  its  hardness  bein^  greater  than  that  of  the 
mudstones,  between  which  it  is  intercalated,  its  outcrop,  inters 
rupted  by  faults,  gives  rise  to  a  series  of  eminences  appropriately 
called  drums  or  ridges,  such  as  Druim  Mdr  and  Drnim  Bheag 
(Big  and  Little  Drums),  and  Druim  na  Claise  (Drum  of  &e  Clash 
or  Hollow).  No.  6  is  well  seen  on  the  shore  near  a  small  water- 
fell.  At  about  three-quarters  of  a  mile  inland  from  the  shore 
openings  were  made  on  the  outcrop,  and  the  carbonaceous  shales 
and  limestones  were  eubiected  to  a  long  search  for  fossils,  but  the 
only  evidence  of  organisms  met  with  were  some  obscure  worm- 
tracks.  Some  of  the  layers  are  covered  with  sun-cracks.  As 
these  beds  are  traced  northwards  they  change  character  by 
becoming  split  up  by  coarser  sediments,  so  that  they  become 
hardly  recognisable  on  the  northern  shore.  Band  No.  7  follows 
the  outcrop  of  the  underlying  strata,  and  in  this  case  also  the 
mudstones  are  replaced  by  coarser  sediment  as  they  pass  north- 
wards. 

The  sandstones  of  Band  No.  8,  which  form  the  uppermost  zone 
of  the  Diabaig  group  as  here  develoned,  are  hard,  siliceous,  and 
of  a  brieht-red  colour.  They  are  well  displayed  round  the  Rudh 
a'  Mhill  Dearg  (Point  of  the  Red  Hill),  whence  they  can  be  traced 
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northwards  across  the  fields  of  the  Clashmore  township  to  the 
southern  shore  of  Culkein  Bay. 

The  junction  of  these  sandstones  with  those  of  the  arkoses  of 
the  Applecross  group  which  form  the  rest  of  the  peninsula  can 
nowhere  be  seen,  since  it  is  concealed  at  the  heads  of  Culkein  and 
Ballchladdich  Bays  under  beach-deposits  and  blown-sand,  and 
over  the  intervening  ground  under  a  covering  of  glacial  deposits. 
There  can  be  little  doubt,  however,  that  the  junction  is  a  faulted 
one.  The  arkoses  on  the  west  side  of  the  Bay  of  Ballchladdich 
are  much  shattered  and  crushed,  and  as  the  dip  is  towards  south- 
east at  20^  for  a  mile  further  west  without  any  of  the  Diabaig 
beds  coming  up  to  the  surface,  the  strata  exposed  in  Ballchladdich 
Bay  must  lie  at  least  1000  feet  above  the  base  of  the  group.  The 
faidt  must  therefore  be  a  large  one,  with  a  downthrow  to  the 
west.  Along  the  shore  beyond  RafKn  the  arkoses  roll  over  an 
anticline  and  continue  dipping  towards  the  west  to  the  light- 
house. The  axis  of  this  anticline  crosses  the  peninsula  in  a 
north-easterly  direction  and  passes  out  to  sea  on  the  west  side  of 
Culkein  Bay. 

The  north  coast  presents  the  finest  and  most  continuous 
section  of  the  rocks  in  the  peninsula.  They  consist  of  massive 
bands  of  purplish  and  reddish  arkose,  varied  only  by  a  few  inter- 
calations of  shale  near  Rudh'  an  Dunain  (Point  of  the  Hill  Fort) 
and  occasional  pebbly  bands,  which  are  best  seen  on  the  Point  of 
Stoer.  From  Rudh'  an  Dunain,  where  the  dip  is  towards  the 
west  of  north  at  angles  of  5^-15°,  the  angle  of  inclination 
gradually  increases  till,  near  the  bend  in  the  coastrline,  it  reaches 
50^.  Further  westwards  it  decreases,  until  near  the  Point  of 
Stoer  it  becomes  reversed  for  a  short  distance,  so  as  to  give  rise 
to  a  shallow  syncline.  This  structure  favours  the  formation  of 
clifPs.  Hence  on  both  sides  of  the  point  the  finest  precipices  on 
the  promontory  rise  from  200  to  400  feet  above  the  surf.  The 
**  Old  Man  "  of  Stoer,  which  is  a  well-known  sea  stack  and  land- 
mark, consists  of  a  pile  of  arkoses  dipping  at  a  gentle  angle  sea- 
wards. Its  isolation  has  been  determined  by  the  influence  of  two 
great  systems  of  nearly  vertical  joints  by  which  the  strata  are 
here  traversed,  and  which  have  guided  the  sea  in  its  destructive 
action  on  the  coavSt. 

Beinn  Gharbh  ami  Behui  JReulh. — On  the  south  side  of  Loch 
Assynt  opj)osite  Quinag  another  striking  outlier  of  the  Torridon 
Sandstone,  which  rises  into  the  ridge  of  Beinn  Garbh,  is  more 
especially  interesting  to  the  geologist  inasmuch  as  it  shows  clearly 
the  double  unconformability  of  the  Cambrian,  Torridonian,  and 
Lewisian  groups  of  reck.  This  feature  is  well  seen  from  the 
northern  margin  of  the  lake.  Standing  on  the  roadside,  the 
observer  has  the  unconformable  relations  of  the  Cambrian  to  the 
Torridonian,  and  of  the  latter  to  the  Lewisian,  at  once  in  view 
to  the  north  on  the  8loi)es  of  Quinag  above  him ;  while  looking 
southward  across  the  loch  he  can  easily  trace  the  same  two  strati- 
graphical  breaks  admirably  displayed  on  the  northern  slopes  of 
Beinn  Garbh.     The  quartzites  are  there  seen  gradually  to  creep 
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over  the  sncoesaTe  beds  of  sandstone  until  ikejr  rest  directly  upon 
the  Lewisian  Gneiss  at  the  foot  of  the  hilL  The  sedimentary 
strata  of  this  hill  and  its  neighbour,  Beinn  Beidh,  contain 
several  introsiTC  sills  of  red  porphyiy,  which  are  described 
in  a  later  chapter,  together  wim  the  other  post-Cambrian 
igneous  rocks.  Intrudra  at  a  low  angle  between  the  beds  of 
sandstone,  they  form  conspicuous  featiues  along  the  stem>  hill- 
sides and  to  a  larffeextent  cover  the  flat  top  of  Beinn  Beidn. 

Oamsp  (Plate  XXXI.). — ^The  next  area  of  Tonidonian  rocks 
to  the  south  forms  the  isolated  ridge  of  Ganisp,  which,  as  is  well 
shown  on  the  map  f  Sheet  101),  runs  in  the  same  north-westerly 
diTMstion  that  is  followea  by  the  main  geolc^cal  structure-lines 
as  well  as  1^  the  other  physical  features  of  this  part  of  the  dis- 
trict. The  ridge  at  its  north-western  end  is  rather  less  than 
three-quarters  of  a  mile  broad  measured  between  the  junction  of 
the  sandstones  with  the  gneiss  on  the  two  sides,  but  towards  the 
south-east  it  widens  out  to  a  breadth  of  a  mile  before  the  sand- 
stones are  overlain  by  the  quartsito.  From  the  summit  (2779 
feet)  the  north-western  front  of  the  ndgc  descends  a  thousand 
feet  in  three-quarters  of  a  mile  to  the  Torridonian  base.  The 
decliTities  on  either  flank  are  much  steeper,  so  as  to  form  precipi- 
tous clilEs. 

These  rapid  slopes  belong  entirely  to  the  Torridonian  escarp 
ment,  for  immediately  below  it  tne  gneiss  plateau  shows  ito 
characteristic  undulating  surface.  In  a  south-easterly  direction 
the  crest  of  the  ridge  faJls  much  more  gradually  across  the  dip 
slopes  dt  the  quartsite,  until  in  a  distance  of  three  miles  and  a  half 
the  ground  reaches  the  500-feet  contour-line, in  the  valley  of  the 
River  Loanan. 

The  highest  point  and  eastern  slope  of  Canisp  are  covered 
unconformably  by  the  basal  beds  of  the  Cambrian  quartzite, 
which  form  merely  a  cake  on  the  upper  part  of  the  ridge.  Under- 
neath this  covering  purple  false-bedded  gritty  sandstones  inter- 
calated with  bands  of  green  and  purple  shale  rise  one  above 
another  on  the  face  of  the  cliflPs.  The  steepest  portions  of  these 
precipices,  however,  are  due  to  successive  sills  of  porphyry,  20  to 
60  feet  in  thickness,  which  have  resisted  denudation  better  than 
the  surrounding  sediments.  These  sheets  of  intrusive  rock 
belong  to  a  series  of  igneous  masses  which  have  been  injected  into 
the  vaiious  formations  of  this  district  since  Cambrian  time. 
Here  they  have  been  intercalated  more  or  less  parallel  to  the 
bedding  of  the  strata,  and  have  long  been  known  to  geologists  by 
the  name  of  **  Canisp  porphyry." 

In  Canisp  the  Torridonian  Sandstones  are  inclined  towards  the 
east — that  is,  in  the  same  direction  as  the  overlying  quartzite, 
but  at  an  angle  which  does  not  exceed  6^,  while  the  inclination 
of  the  Cambrian  strata  rises  to  10^  or  15^.  On  the  south  side  of 
Canisp,  a  little  to  the  north  of  Lochan  Fada,  a  coarse  basal  con- 
glomerate made  up  of  locally-derived  pebbles,  1-5  inches  in 
length,  rests  on  the  eroded  surface  of  the  gneiss. 
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Suilven. — ^Of  all  the  singular  eminences  into  which  the  Toni- 
don  Sandstone  of  the  North-West  of  Scotland  has  been  carved  by 
denndation,  this  mountain  is  certainly  the  most  remarkable.  It 
forms  another  of  the  north-west  and  south-east  ridges  above 
referred  to.  Seen  from  the  north-west,  it  seems  like  a  colossal 
ruined  pillar  with  steeply- shelving  sides  and  blunted  top,  rising 
to  a  height  of  2399  feet  above  the  sea  and  at  least  1800  feet  above 
the  average  level  of  the  gneiss  plateau  between  its  base  and  the 
sea.  (See  Plate  XXXI.)  Hence  it  stands  out  from  among  all 
the  cones  and  other  shapes  of  the  Torridonian  rocks  as  a  unique 
feature  in  the  landscape  of  the  North-West  Highlands.  From 
the  south  or  the  north  it  appears  as  a  long  rugged  ridge  with 
precipitous  flanks  and  a  seaboard  front  which  descends  rapidly 
to  the  gneiss  plateau  below. 

The  Torridonian  outlier  to  which  Suilven  belongs  stands  on  a 
long  ridge  of  gneiss  between  two  important  valleys  with  chains  of 
lakes.  It  shows  even  more  impressively  than  Canisp  the  depend- 
ence of  the  topography  upon  enormous  denudation  giiided  by  the 
tectonic  arrangement  of  the  rocks.  The  great  lines  of  displace- 
ment in  the  gneiss  and  the  multitude  of  dykes  in  this  part  of  the 
district  all  run  in  a  general  north-westerly  direction.  The  out- 
lier follows  the  same  trend,  the  Torridonian  strata  forming  a 
ridge  four  miles  and  a  half  long  and  about  half  a 
mile  wide  towards  either  end,  but  diminishing  in  the 
middle  to  less  than  a  quarter  of  a  mile.  Of  this 
ridge  Suilven  forms  the  north-western  and  highest  portion, 
where  for  nearly  two  miles  the  sandstone  scarps  rise  much  above 
the  rest  of  the  ground  to  the  south-east.  TJnlike  Canisp,  this 
outlier  is  entirely  isolated  on  the  gneiss,  and  in  no  place  has 
retained  the  cover  of  Cambrian  quartzite. 

With  the  exception  of  a  thin  local  breccia,  derived  from  the 
underlying  Lewi^slan  rocks,  which  is  not  constant,  the  outlier 
consists  of  the  t\q7ical  arkose  of  the  Applecross  group.  A  pile 
of  these  strata,  1600  feet  thick,  in  nearly  horizontal  beds,  is 
exposed  along  the  cliflF  on  the  north  face  of  Casteal  Liath  (Grey 
Castle),  the  western  peak  of  Suilven.  Though  almost  flat,  the 
sandstones  over  the  greater  part  of  the  outlier  have  a  gentle 
south-easterly  inclination  at  an  average  angle  of  3^,  but  at  the 
south-east  end  for  a  short  distance  from  the  margin  the  dip  is  in 
the  opposite  direction. 

The  surface  of  the  gneiss  upon  which  the  strata  rest  is  some- 
what uneven.  This  feature  is  most  conspicuous  towards  the 
eastern  extremity  of  the  ridge  on  the  slopes  overlooking  C&m 
Loch  (crooked  lake)  and  Lochan  Fada  (long  lakelet).  On  the 
ground  between  these  lochs  the  escarpments  representing  the 
outcrops  of  massive  beds  of  arkose  are  seen  to  abut  successively 
against  the  gneiss.  Near  the  shores  of  C&m  Loch  knobs  of  the 
gneiss  protrude  through  the  arkose  and  breccia,  and  in  one  case 
the  knob  is  seen  to  be  under-cut,  so  that  the  breccia  actually 
passes  underneath  the  gneiss.  About  a  quarter  of  a  mile  from 
Chm  Loch  and  close  to  the  footpath  leading  to  the  ruins  of  the 
v 
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ahepherd'e  house  of  Brackinch  cracks  in  the  gneiss  are  seen 
to  have  been  filled  in  from  above  by  aand  and  breccia  of  the 
basement  beds  uf  the  outlier.  Similar  cracks  with  their 
infilling  of  Torridonian  eediraents  may  be  seen  on  the  north  side  of 
the  ridge  near  Lochan  Fada.  Again,  at  a  point  in  Gleannan  a' 
Mhadaidh  (Wolfs  Glen),  a  little  to  the  west  of  a  loch  of  that 
name,  wide  cracks  in  the  Lewisian  Gneiss  and  in  its  basic  dykes 
are  filled  in  with  bi-eccia  and  arkose  similar  to  the  material  wnieh 
makes  up  the  basement  Ton-idoniau  rocks,  while  the  surrounding 
gneiss  is  much  reddened,  weathered,  and  epidotised.  We  may, 
therefore,  infer  that  the  Torridonian  strata  have  only  compara- 
tively recently  been  denuded  from  off  this  ground.  That  at  the 
time  of  the  deposition  of  the  Torridon  Sandstone  a  hoUow  in 
the  gneiss  lay  to  the  north  of  the  Snilven  outlier  is  indicated  by 
the  Torridonian  rocks  passing  beneath  the  waters  of  Lochan 
Fada,  although  their  dip  is  away  from  the  loch.  The  platform 
of  old  gneiss  to  the  north  on  which  the  Torridonian  outlier  of 
Ganisp  rests,  lies  more  than  600  feet  higher  than  the  ba.se  of  the 
Torriaonian  rocks  in  Lochan  Fada.  Part  of  (his  difference  of 
level  may  be  accounted  for  by  a  faujt  which  runs  along  the  length 
pf  Lochan  Fada  and  the  Gleann  Dorcha  (dark  glen),  but  this 
fault  has  only  a  throw  of  ^00  feet  down  to  the  south-west,  where 
it  afEectfl  the  outcrops  of  the  Cambrian  quartzite  at  a  little 
difitanee  to  the  south-east  from  Lochan  Fada. 

Not  only  were  the  Torridonian  strata  of  the  Suilven  outlier 
laid  down  upon  an  uneven  surface  of  gneiss,  but  the  basement 
breccias  contain  every  tvpe  of  rock  now  to  be  found  in  the 
Lewiaian  series.  It  is  thos  clear  that  these  ancient  rocks  had 
passed  through  their  many  viciaaitudes  prior  to  Torridonian  time. 
Several  faults  cross  the  outlier.  Some  of  these  were  of  older  date 
than  the  intruaion  of  the  "Caniap  porphyry,"  for  the  uppermost 
sill  sends  a  tongue  into  the  fault-fissure  which  cuts  off  the  eastern 
peak  from  the  rest  of  the  mountain,  while  other  later  faults  shift 
the  continuation  of  tiie  lowest  sill  to  the  north-west.  One  of 
these  faults  has  a  downthrow  of  600  feet  to  the  north-west. 
These  igneous  sills  consist  of  the  same  rock  as  the  Canisp 
porphyij,  and  they  may  have  been  continuous  with  those  on  that 
mountaia,  the  connecting  interval  having  been  worn  away  in  the 
stupendoua  denudation  of  this  region. 

Greagan  M6r. — An  outlier,  more  than  a  square  mile  in  extent, 
lies"  between  C4m  Loch  and  Loch  Veyatie  and  partakes  in  the 
general  north-west,  south-east  trend.  Its  summit,  like  those  of 
the  loftier  ridgee  further  north,  stands  near  its  north-western 
front,  but  is  only  787  feet  in  height  above  the  sea.       It  slopes 

fently  southward  and  pasaea  under  the  quartzite.  The  Torri- 
onian  strata  here  consist  entirely  of  arkose,  but  at  their  base  a 
local  breccia  of  gneiss  fragments  i.s  occasionally  seen  to  fill  up  old 
hollows  in  the  gneiss.     The  general  dip  is  to  the  south-eaat  at 

LocA  Veyaiie  to  Lock  Lurgan. — We  now  enter  upon  the  more 
continuous  belt  of  Torridon  Sandatone  which  9])reads  as  a  broad 
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belt  along  the  western  margin  of  Ross-shire  and  stretches  as  far 
as  the  southern  point  of  Skye.  The  small  portion  of  it  to  be  here 
described  presents  the  same  disposition  in  ridges  running  from 
north-west  to  south-east  and  having  their  summits  near  their 
north-western  ends.  Two  of  these  ridges  are  comprised  between 
the  Lochs  Veyatie  and  Lurgan.  The  more  northerly  of  them 
forms  the  massive  mountain  Ch\  Mdr  (2786  feet),  which,  seen  from 
the  east,  looks  like  a  gigantic  prostrate  female  figure,  the  head 
lying  far  to  the  west,  tne  breasts  formed  bv  the  Cambrian  outliers 
on  the  double  summit,  and  the  trunk  and  limbs  sloping  gradually 
eastward  to  the  lower  ground.  Its  western  and  northern  flanks 
rise  in  a  long  line  of  noble  precipices.  The  southern  ridge  is 
much  longer  and  more  varied  in  outline.  A  depression  in  its 
centre  between  Loch  Gainmheich  and  Loch  Lurgan,  where  its 
level  sinks  to  between  500  and  600  feet,  separates  it  into  two 
mountainous  masses,  Cul  Beag  (2523  feet)  on  the  south-east  and 
An  Stac  (Stack  Polly,  2009  feet)  on  the  north-west.  Cul  Beag 
resembles  its  northern  neighbour  in  the  precipitous  front  which  it 
presents  to  the  west  and  north.  An  Stac  displays  on  its  long 
summit  ridge  one  of  the  most  rugged  crests  anywhere  to  be  seen  in 
the  Torridonian  topography. 

The  rocks  of  which  these  mountains  are  composed  belong 
entirely  to  the  Applecross  group,  and  vary  little  in  character. 
The  whole  thickness  of  the  strata  of  which  Ctil  Mdr  is  built  up 
can  be  seen  on  the  north  shore  of  Loch  Gainmheich,  where  more 
tlian  2000  feet  of  false-bedded  purple  grits  and  sandstones  rise 
from  the  gneiss  in  a  succession  of  huge  terraced  escarpments  to 
the  double  summit  of  the  mountain,  each  peak  of  which  is  capped 
with  a  thin  cake  of  Cambrian  quartzite.  The  general  dip  is 
south-easterly  at  angles  of  6^  to  8^,  but  in  the  extreme  upper 
portion,  where  bands  of  fine-grained  striped  sandstone  begin  to 
make  their  appearance,  the  beds  are  nearly  flat  and  the  direction 
of  dip  uncertain.  At  the  head  of  the  grassy  corrie  that  lies 
between  the  twin  peaks  a  thick  deposit  of  blown  sand  has  been 
formed  by  the  sub- aerial  waste  of  the  sandstone. 

The  irregularity  of  the  surface  on  which  the  'J'orridonian  strata 
were  deposited  is  well  exemplified  along  the  northern  foot  of  Cill 
Mdr  and  around  the  shores  of  Loch  Skinaskink  and  Loch 
Gainmheich.  The  coarse  locally-derived  breccia  which  here 
marks  the  base  of  the  series  runs  westwards  froia  Loch  na  Claise 
along  the  hollow  of  the  Allt  a  Chinn  Gairbh,  on  the  further  side 
of  which  the  gneiss  rises  in  rounded  hillocks  100  to  250  feet  in 
height.  The  lowest  Torridonian  beds  dip  south  at  an  angle  not 
sufficient  to  carry  them  over  the  higher  ground  to  the  north,  and 
though  the  breccia  sometimes  crosses  the  glen  and  is  found  on  the 
steep  slopes  on  the  further  side,  it  forms  there  only  a  thin  skin, 
cemented  to  the  surface  of  the  gneiss  by  the  decomposition  and 
infiltration  of  certain  constituents  of  the  overlying  sandstones. 
In  this,  as  in  other  similar  areas  where  the  Torriaonian  rocks  have 
been  recently  removed,  the  gneiss  is  generally  epidotic  at,  and  for 
some  distance  below,  the  surface.      Outliers  of  breccia,  in  the 
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form  of  tiiiu  cukes  through  which  kiiobs  of  raeiaa  protrude,  cover 
^e  summit  of  several  of  the  rock  knolU  soutli  of  Loch  a'  Mhiotailt 
and  along  the  eastern  shores  of  Loch  Skinaskiiik, 

The  uuevenness  of  the  ancieni  surface  of  gneiss  is  still  more 
evidcut  on  the  ground  betweeu  Lochan  Dearg  and  Loch  na  Doire 
Kfirlihe,  on  the  north  side  of  An  Stac.  The  base  of  the  Torri- 
donian  is  repeatedly  shifted  by  a  series  of  cross-faults  having  a 
downthrow  to  the  west,  so  that  the  irregularities  described  in  the 
foregoing  paragraph  ai-e  here  repeated  in  many  places  amongst 
the  lioUows  and  rocky  eminences  that  surround  these  lochs. 

1'he  arkose  series  thickens  towards  the  south.  The  false- 
bedded  grits  and  saudstones  of  Cul  Beag,  measured  from  the 
shore  of  Loch  Lurgan  where  the  base  is  not  seen,  reach  a  thick- 
ness of  at  least  2300  feet.  The  inclination  remains  steadily  to 
south-east  at  an  average  angle  of  about  14°,  and  as  the  geneml 
slope  of  the  eastern  side  of  the  mountain  is  about  18°,  it  forms 
very  nearly  a  dip  slope.  The  lowest  beds  at  the  foot  of  this 
mountain  often  consist  of  coarse  pebbly  grits,  containing  pebbles 
a  quarter  to  three-quarters  of  an  inch  in  length  scattonjd 
irregularly  through  a  sandy  matrix.  There  are  also  intere^a- 
tions  of  striped  purpio  sandstone,  while  bands  of  green  shale  and 
flagstone  occur  at  the  roadside  a  quai-ter  of  a  mile  south  and  two 
miles  west  of  the  shepherd's  house  at  Lineraineach  on  LocJi 
Lurgan. 

The  junction  of  the  Torridoiiian  rocks  with  the  overlying 
Cambrian  quartzite  is  well  exposed  for  nearly  two  miles  along  the 
lower  course  of  the  Allt  an  Liath  Dlioire,  immediately  to  the  west 
of  Drumminie  Lodge  (one  and  a  half  miles  south-east  of  Loch 
Lurgan).       The   coarse    Torridonian    grits    and    pebbly    baaal 

?[uartzite  present  at  this  place  a  deceptive  appearance  of  con- 
ormity.  Both  series  dip  in  the  same  south-easterly  direction  at 
angles  of  15°-20°,  the  difference  of  inclination  between  the  two 
being  rarely  more  than  one  degree. 

On  the  west  side  of  Cul  Beag  the  grits  rise  in  a  vertical  escarp- 
ment several  hundred  feet  in  height,  seamed  by  deep  gullies  cut 
by  the  streams  along  joints  or  linea  of  fault.  The  Torridonian 
rocks  extend  for  some  miles  further  westward  through  the  Aird 
of  Coigach,  forming  a  smooth  ridge  mostly  covered  with  morainic 
drift,  nut  rising  steeply  to  form  the  weathei-ed  serrated  crest  of 
An  Stac,  already  quotea  as  an  instance  of  a  Torridonian  mountain 
in  an  extreme  stage  of  decay. 


CHAPTER  XVIil. 
COIGACH  TO  LOCH  MAREE.* 

The  district  described  in  this  Chapter  includes  the  broad  but 
much-indented  belt  of  Torridon  Sandstone  which  stretches  south- 
ward from  Rhu  Coigach  and  the  Loch  Lurgan  chain  of  lakes, 
across  the  mouths  of  the  two  Loch  Brooms,  to  the  line  of  the  great 
depression  filled  by  Loch  Ewe  in  its  seaward  part  and  by  Loch 
Maree  inland.  To  the  south  of  the  lake- filled  valley  that  extends 
from  Enard  Bay  to  Drumrunie  Lodffe  the  ground  mounts  up  into 
the  range  of  the  Coigach  hills,  which  culminate  in  the  long  ridge 
of  Ben  More  (2438  feet),  and  presents  other  three  summits  which 
rise  above  2000  feet.  The  north-west  part  of  Coigach,  including 
the  peninsula  of  the  Rhu  More  between  Loch  Broom  and  Enara 
Bay,  is  a  comparatively  low- lying  tract  traversed  by  the  north  and 
south  valley  which,  with  its  two  lakes,  runs  from  Baden  Bay  to 
Achnahaird.  The  highest  point  of  the  peninsula,  Meall  an 
Fheadain  (663  feet),  forms  part  of  a  ridge  that  runs  north  and 
south  in  the  direction  of  the  strike  of  the  strata. 

Opposite  the  mouth  of  Loch  Broom  lies  a  little  archipelago 
formed  of  Torridon  Sandstone  like  the  adjacent  parts  of  the  main- 
land. The  most  northerly  group  of  islands,  known  as  the 
Summer  Isles,  are  a  continuation  of  the  rocks  of  the  Rhu  More, 
and  display  a  rugged,  rocky  surface,  of  which  most  of  the  marked 
features  trend  with  the  strike  of  the  strata,  as  in  the  peninsula  to 
the  north  of  thom.  The  largest  and  highest  islet,  Tanera  More, 
rises  to  a  height  of  40G  feet. 

The  peninsula  between  Loch  Broom  and  Little  Loch  Broom, 
which  consists  almost  wholly  of  Torridon  Sandstone,  rises  near  its 
north-western  end  into  the  featureless  mass  of  Beinn  Ghobhlach 
(2082  feet).  But  it  is  to  the  south  of  Little  Loch  Broom  that  the 
Torridonian  formation  presents  in  this  district  its  most  imposing 
topography.  In  the  Dundonnell  Forest  it  towers  into  the 
majestic  mass  of  An  Teallach,  which  for  height,  extent,  and  end- 
less variety  of  cliff,  buttress,  peak,  and  come  has  no  rival  among 
the  north-western  mountains  of  the  Scottish  Highlands.t       Its 

*  By  the  lato  W.  Gunn,  with  notes  from  C.  T.  Clough,  L.  W.  Hinxman, 
and  H.  M.  Cadell.  The  district  described  in  this  chapter  is  comprised 
within  Sheets  91,  92,  100,  and  101  of  the  Geological  Survey  Map. 

f  An  Teallach,  with  its  flanking  waterfalls,  was  briefly  described  by 
Macculloch  in  his  Highlands  and  Westet-n  Islands  of  Scotland^  vol.  ii.,  p.  311. 
He  called  it  Kea  Cloch.  A  view  of  a  portion  of  the  mountain  as  seen  from 
the  east  is  given  in  Scenery  of  Scotland^  j).  226. 
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Iflltuat  nmunit  (3483  feet),  called  Bidein  n'  Ghlas  Thuill,  is  the 
mttem  oohnmafunk  of  iti  omtnl  ndoe,  but  8^rr  Fiomi  to  the 
■Mttlt  u  3474  (only  9  feet  lower).    Tat  ttree  great  spurs  of  the  . 
mmmism  vlucdi  ran  out  to  Ue  esotiraxd  all  exceed  3000  feet  in.  • 
bfdriit.     On  flie  Mune  Tut  ridge,  at  •  distance  of  three  miles, 
SHlUIior  rim  to  2508  feet. 

On  tiie  Bonth-west  iide  of  tlis  An  Teallack  ranse  the  ground 
■inki  rwidly  into  the  long  lu^ow  flUed  1^  the  Loch  na  Sheallag, 
the  •orraoe  of-  wluoh  is  only  279  feet  abore  the  level  of  the  sea. 
This  depreasioii  fnmieliee  another  striking  instance  of  the  co- 
inoidenoe  of  the  more  importent  torx^r^hic  features  vith  the 
stnietare  of  the  older  Tooks  of  the  distnot.  It  runs  down  to  the 
sea  in  iho  mmal  north-westerlT  direction  along  the  general  trend 
of  ike  teutonic  lines  of  the  old  gnoss.  On  the  ^uiuthem  side  of 
&is  Tslley  the  Torridon  Sandstone  rapidly  rises  oDce  more  into  an 
Imposing  group  of  nMnrntains  hardly  less  Id  altitude  than  their 
ffigaatio  nauH^lxnurs  to  the  north — ^Beinn  Dearg  Mbor  (2874)  and 
og^  Bin  (3194).  On  the  long  chain  cd  heights  that  stretches 
BOntkwaid  from  the  head  of  Little  Looh  Broom  a  number  of  the 
Aimmit*  are  capped  with  outliers  of  qoartrite- remnants  left  there 
after  the  prolonged  post^^ambrian  denudation  of  the  region.  As 
fliese  owpings  are  white  and  contrast  vindly  with  the  reddish' 
brown  colour  of  the  sondstmies  below,  they  present  not  the  least 
singular  leatnre  of  the  landscape  in  this  part  of  the  district.  It 
seems  as  if  the  mountoin-tope  retained  their  coverings  of  winter 
snow,  and  where  the  qnartdte  screes  havr;  slid  down  the  slopes 
below  they  might  almost  be  taken  for  the  Erst  begiuniuga  of 
glaciers  of  the  second  order. 

Another  of  the  long  north-weat  and  south-east  depressions,  with 
its  chain  of  lakes  (Lochan  Fada,  Duhh  Loch,  Fionn  Loch,  and 
others),  separates  the  Torridonian  ridge  of  Sgfirr  BAn  from  the 
great  mass  of  the  formation  which  at  the  head  of  Loch  Maree 
sweeps  np  to  a  height  of  more  than  3000  feet  above  that  sheet  of 
water  and  forms  the  imposing  bulk  of  Slioch  (3217  feet). 

Three  other  separate  areas  of  Torridonian  rocks  have  here  to  be 
mentioned  as  coming  within  the  district  now  under  description — 
the  Rudha  Mor,  between  Gruinard  Bay  and  the  mouth  of  Loch 
Ewe,  a  strip  of  ground  which  stretches  from  Gruinard  Bay  to 
Poolewe,  and  another  strip  on  the  west  side  of  Loch  Ewe.  The 
I'orridDiiian  rocks  of  the  Rudha  Mor  peninsula  are  a  continuation 
ot  those  of  Coigach  and  the  Summer  Isles,  and  display  the  same 
topographic  features  in  coincidence  with  the  strike  of  the  strata. 
This  tract,  however,  is  varied  by  the  occurrence  in  it  of  patches  of 
Secondary  formations.  These,  together  with  the  underlying 
Torridonian  Sandstones,  are  prolonged  into  the  Isle  of  Ewe. 
The  strip  of  these  sandstones  between  Gruioard  Bay  and  Loch 
Ewe  is  separated  from  the  Budha  Mor  by  the  Triassic  and  Liassic 
band  of  Aultbea  and  Laid.  Towards  ite  northern  end  it  rises  to 
a  height  of  nearly  900  feet,  but  falls  gradually  towards  the  south 
until  in  the  neighbourhood  of  Loch  Ewe  most  of  it  lies  below  500 
feet.  On  the  west  side  of  Loch  Ewe  a  low-lying  strip  of  Torri- 
donian ground  stretches  from  Inverasdale  in  a  nortn- westerly 
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direction  to  Camstrolvaig.  Nearly  the  whole  of  it  lies  below  300 
feet,  and  it  is  abundantly  strewn  with  lakes.  Its  western 
boundary  is  marked  by  the  straight  line  of  the  great  fault  which 
has  been  already  referred  to  as  coincident  with  the  hollow  of  Loch 
Maree.  On  the  west  side  of  this  dislocation  the  ground  rises 
steeply  to  more  than  900  feet  in  places  along  the  central  line  of 
the  peninsula. 

Torrido7iian     Unconforniability    on    the   Leicisian    Giieis8. — The 
present    district    furnishes    much    interesting    and    important 
evidence   that  the   surface   of  Lewisian   Gneiss   on   which   the 
Torridon  Sandstone  was  deposited  resembled  in  its  irregularity 
the  gneiss  ground  now  exposed  to  view.     Indeed,  some  of  its  hills 
and  valleys,  after  having  been  long  buried  under  the  overlying 
sandstone,  have  been  uncovered  and  are  still  hills  and  valleys  at 
the  present  day.     In  several  places  the  nearly-level  beds  oi  the 
Torridon  are  seen  to  abut  against  the  gneiss  along  a  line  which 
runs  steeply  up  a  hillside  sometimes  for  a  vertical  height  of  1000 
or  2000  feet,  or  even  more.     On  Slioch  the  ancient  land  surface 
rises  up  to  2200  feet  above  the  level  of  Loch  Maree  at  Fasagh. 
Another  conspicuous  example  is  displayed  on  the  south  side  of 
Loch  na  Sheallag,  where  the  gneiss  in  Be  inn  Uearg  rises  as  an  old 
hill,  the  summit  of  which  is  2000  feet  above  the  level  of  the  loch. 
Beinn  Dearg  Bheag  is  connected  with  its  loftier  neighbour  by  a 
narrow  and  thin  strip  of  Torridon  Sandstone  perched  on  the  ridges 
above  Loch  Toll  an  Lochain,  and  is  thus  practically  an  outlier. 
Along  the  flanks  of  the  gneiss  hill  the  sandstones  on  either  side 
in  gently  inclined  beds  overlap  each  other  for  a  height  of  some 
2000  feet.     A  further  proof  of  the  unconformability  is  furnished 
bv  patches  of  nearly  horizontal  Torridon  rocks  adhering  to  the 
sides   of  gneiss   cliffs   several   hundred   feet   above   their   base. 
Again  this  relation  of  the  two  formations  can   sometimes  be 
strikingly  shown  where  subsequent  movements  have  deranged 
their  original  pasition.     Thus  in  some  areas  the  Torridon  Sand- 
stone, dipping  at  a  somewhat  steep  angle,  strike  directly  at  a 
gently-sloping  surface  of  gneiss,  as  may  be  seen  on  the  east  side 
of  Loch  Ewe  between  Tuirnaig  and  Loch  nan  tJain.     The  line  of 
junction  between  the  two  formations  can  there  be  followed  across 
the  strike  of  the  Torridon  Sandstone  for  about  half  a  mile,  and  as 
the  dip  of  the  beds  is  from  20°  to  25°,  if  they  wei-e  restored  to  their 
original  approximated  horizontal  position,  they  would  be  found 
to  end  off  against  a  steep  hillside  for  a  height  of  as  much  as  a 
thousand  feet.     In  this  and  other  cases  no  faults  exist  along  these 
lines  of  junction,  for  the  sandstone  can  be  traced  into  little  bays 
and  around  projections.     At  one  point  of  this  tract,  where  a  bay 
tf  Torridon  Sandstone  runs  up  into  the  gneiss  in  a  north-east 
direction  to  Loch  Mhic  Ille  Riabhaich,  no  fault  can  be  detected  at 
the  junction -line.     The  distance  across  the  strike  of  the  strata 
amounts  to  about  6600  feet,  and  if  the  average  dip  be  taken  as 
only  20°  (though  it  is  25°  to  30°  for  a  considerable  distance), 
there  must  be  a  thickness  here  of  at  least  2200  feet,  which  would 
be  the  height  of  the  ancient  mountain  of  gneiss  against  which 
the  level  beds  of  sandstone  were  deposited. 
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General  Structure  of  Hut  Dtsiriei. — All  the  different  sub- 
divisioQs  of  the  Torridou  Sandstone  are  well  developed  in  tliia 
district,  especially  the  highest  known  beds,  of  which  there  ia  a 
unii^ue  section  at  the  Cailleach  Head  near  the  mouth  of  Little 
Loch  Broom.  The  district  may  be  conveniently  sub-divided  into 
two  portions  by  a  line  drawn  in  nearly  a  S.S.  W.  direction  from 
Enard  Bay  to  Loch  Maree,  It  will  be  seen  fi-om  the  map  that 
this  line  coincides  with  that  of  the  chain  of  gneiss  iuliers  which, 
beginning  at  Enard  Bay,  is  continued  by  those  of  Achiltibuie,  of 
the  islands  that  stretch  across  the  entrance  to  Loch  Broom,  of  the 
knobs  near  the  Cailleach  Head,  and  of  Carn  Uearg  an  Droma,  till 
we  reach  the  main  gneiss  area  at  Gruinard.  It  may  be 
reasonably  inferred  that  this  long  line  of  gneiss  summits  marks  a 
pitiminent  ridge  of  Torridonian  time  which  might  not  improbably 
serve  for  a  time  to  separate  the  areas  of  deposit  on  its  two  sides 
until  it  was  submerged  and  buried  under  the  Torridonian  sedi- 
ments. But,  besides  any  original  topographical  feature  which 
may  have  existed,  the  line  of  separation  which  has  here  been 
taken  appears  to  be  in  large  measure  one  of  faulting,  the  effect 
whereof  naa  been  to  throw  down  the  strata  on  the  west  side  so 
that  the  uppermost  members  of  the  Torridonian  series  are  brought 
down  against  the  basement  beas  which  wrap  round  the  bosses  of 
Lewis  ian  gneiss. 

As  this  line  of  fault  is  such  an  important  feature  in  the  struc- 
ture of  the  district,  its  precise  course  may  here  be  traced.  From 
Baden  Bay  in  Cuigach  southwards  for  some  distance  it  is  con- 
cealed under  the  .sea  to  the  west  oi  the  Horse  Island  ajid  Carn  naji 
^eir.  It  cTOBses  the  promontory  just  east  of  the  Cailleach 
Head,  and,  again  passing  under  the  sea,  trends  between  Gruinud 
Island  and  the  mainlana,  until  it  emerges  again  at  First  Coast 
on  t^e  south  side  of  Gruinard  Bay.  Thence  it  can  be  traced  by 
Beinn  Dearg,  Bad  na  Chailleach  to  Loch  Thuimeag,  where  its 
throw  seems  to  be  decreasing.  Everywhere  along  the  course  of 
this  dislocation  either  Cambrian  or  Upper  Torridonian  strata 
appear  on  its  western  side,  while  the  lowest  division  of  the  latter 
formation  is  found  on  the  east  side. 

The  rocks  on  the  two  sides  of  this  line  of  dislocation  present 
some  characteristic  differences  in  their  topographical  features 
and  tectonic  structure.  While  the  ground  on  the  east  side  rises 
into  lofty  hills  composed  of  strata  so  gently  inclined  that  their 
basset  edges  form  lines  of  terrace  along  the  shores,  that  on  the 
west  aide  presents  no  lofty  prominences,  and  the  strata  often  dip 
at  steep  angles  and  give  rise  at  their  outcrops  to  minor  features 
that  for  the  most  part  trend  with  the  general  strike.  Another 
important  distinction  is  to  be  found  in  the  entire  absence  of  the 
highest  group  of  the  Torridonian  series  in  this  eastern  area,  where 
the  Canibrian  quartzite  lies  everywhere  unconformably  upon  the 
arkoses  of  the  Middle  or  Applecross  group,  while  the  western 
area  contains  the  most  complete  representation  of  the  whole 
Torridonian  formation  that  is  to  be  found  in  Scotland. 

Eastern    Are  a. — (1)  Diabaig  Group. — Beginning  at  the 
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northern  part  of  the  district,  we  may  remark  that  the  Uiabaig  or 
lowest  group  of  the  Torridonian  series  is  not  improbably  repre- 
sented in  Coigach,  but  this  ground  was  mapped  by  the  Geological 
Survey  before  the  Torridonian  sub-divisions  were  established 
elsewhere.  The  basement  beds  are  varied  in  character,  and 
probably  do  not  always  mark  the  same  geological  horizon.  The 
lowest  is  sometimes  a  coarse  conglomerate,  sometimes  a  coarse 
red  felspathic  sandstone.  Elsewhere  fine  flaggy  sandstones  and 
bands  of  shale  or  mudstone  appear,  which  cannot  be  traced  far. 

Conglomerate  and  brecciated  conglomerate  made  up  mainly  of 
gneissose  fragments  can  be  observed  on  the  north  and  west  sides 
of  the  gneiss  inlier  at  Achiltibuie,  and  west  of  Achlochan  (east 
side  of  Baden  Bay)  the  basal  conglomerate  is  of  a  very  coarse 
character,  consisting  of  large  gneiss  blocks.  The  rest  of  the 
peninsula  here  consists  of  the  ordinary  red  flaggy  false-bedded 
sandstones. 

Grey  micaceous  flags  of  the  Diabaig  type  intercalated  with 
shales  having  a  low  westerly  dip  are  exposed  on  the  shore  to  the 
south-east  of  Loch  Poll  an  Dunain,  and  beds  of  much  the  same 
character  are  well  seen  in  the  first  stream  east  of  Polglass  (north 
side  of  Horse  Sound).  These  flags  are  succeeded  along  the  shore 
to  the  south  and  in  the  Badenscallie  Burn  by  overlying  fine  and 
coarse  red  sandstones.  Beyond  Badenscallie  the  shore  shows 
giey  and  purple  micaceous  flags  succeeded  by  green  flags  capped 
by  sandstone,  and  further  south  still,  by  grey  flags,  shales  and 
flaggy  sandstones.  These  flags  and  shales  are  probably  a  repeti- 
tion of  those  near  Polglass. 

Round  the  bosses  of  gneiss  near  the  entrance  of  Little  Loch 
Broom  the  basal  beds  are  in  places  well  developed.  In  the  bay 
west  of  Cam  Dearg  patches  of  red  sandstone  may  be  observed 
adhering  to  the  cliffs  of  gneiss.  At  Annat  fine  red  felspathic 
well-bedded  grits  and  sandstone  with  no  false  bedding  dip  to  the 
south-east  at  low  angles  or  roll  slightly.  Near  Badacrain 
(Annat  Bay)  rocks  of  much  the  same  character  appear,  with 
occasionally  a  few  large  pebbles  and  ripple  markings  that  trend 
north-east  and  south-west,  together  with  some  thin  shale  bands. 
Fine  grits  and  hard-bedded  sandstone  dipping  easterly  are  found 
east  of  Scoraig,  and  again  on  the  south  side  of  the  loch  from 
Badcaul  to  Badhiclirach,  where,  however,  they  mostly  present 
a  westerly  dip.  On  the  south  side  of  the  entrance  to  this  loch  a 
band  of  a  peculiar  kind  has  been  mapped  from  Stattic  Point  to 
Sron  na  Fiiire  Moire  ranging  nearly  parallel  to  the  coast.  At 
first  sight  this  rock  seems  igneous,  but  closer  examination  shows 
it  to  be  a  breccia  made  up  of  igneous  fragments,  principally  of 
epidiorite,  &c.,  evidently  derived  from  the  basic  dykes  associated 
with  the  gneiss,  and  therefore  merely  a  variety  of  the  basement 
conglomerate.  The  same  band  occurs  on  the  north  side  of  the 
loch  to  the  west  of  Scoraig,  where  it  takes  the  form  of  a  dark- 
purple  grit  deeply  stained  with  ferric  oxide,  and  composed  of 
angular  fragments  of  felsite  and  grains  of  quartz  and  felspar. 

On  the  south  side  of  Gruinard  Bay  several  detached  patches 
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or  outliers  of  the  basal  Torridonian  rocks  may  be  seen.  Again, 
between  Gruiuard  House  and  Muiigasdale,  a  omnlter  of  outllerti 
of  the  basal  conglomerate  have  escaped  denudation.  Further 
west,  between  the  Little  Qruinard  Biver  and  Inveriaranie  Biver, 
two  larger  outliers  of  a  coarse  gneiss-conglomerate  present  a 
north- westerly  dip.  The  cliff  on  the  west  side  at  the  foot  of  the 
Inveriavanie  River  affords  a  fine  section  of  the  material. 
Further  evidence  of  the  former  extent  and  subsequent  denuda- 
tion of  the  basement  members  of  the  Torridonian  series  is 
afforded  nearly  three  miles  to  the  south-west,  where  another 
outlier  of  these  strata  may  be  seen  resting  on  the  gneiss  east  of 
the  outlet  of  Loch  Fada.  The  long  strip  of  Torridonian  rocks 
east  of  the  fault  at  Beinn  Dearg  Bad  Chailleach  affords  good 
s(!Ctions  of  the  basal  bedK,  which  display  regular  bedding  and 
characteristic   lai-ge  white  quartjiite   pebbles. 

On  the  southern  side  of  Little  Loch  Broom  much  of  the  ground 
south  of  Badluchrach  is  so  drift-covered  that  the  rocks  under- 
neath are  concealed.  South  of  Uurnamuck,  however,  numerous 
sections  which  have  been  laid  open  on  the  shore,  and  still 
better  in  the  water-courses,  show  alteruutions  of  fine  sandstone, 
mostly  iiaggy,  with  coarser  and  thicker  bedded  portions  which 
pass  into  pebbly  sandstone  and  then  into  conglomerate.  The 
streams  west  of  Badbea  expose  the  characteristic  red  and  grey 
flags  of  the  Diabaig  group,  ripplB-marked  but  not  false-bedded, 
which  seem  to  abut  against  a  Knob  of  gneis.4.  Between  Lochan 
Gaineamhaich  and  Loch  na  Sheallag  the  greater  part  of  the  baaal 
group  consists  of  sandstones  of  a  brighter  red  than  the  coarse 
arkoses  which  come  above.  In  places,  howeirer,  below  these 
bright  red  beds,  coarse  pebbly  saudstones  and  conglomerates  may 
be  seen,  which  appear  sometimes  to  alternate  with  the  brighter 
beds.  All  these  strata,  which  are  taken  to  represent  here  tiie 
Diabaig  group,  dip  at  a  low  angle  to  the  eastward  under  the 
coarse  gnts  or  arkoses  of  An  Teallach. 

On  tne  south  side  of  Loch  na  Sheallag  a  series  of  hard  fl^gy 
bright-red  sandstones  without  pebbles  separates  the  basal  sliues 
liova  the  purple  sandstones  or  arkoses.  Below  these  on  Beinn 
Dearg  black  snales,  about  40  feet  in  thickness,  make  their  appear- 
ance, followed  by  blue,  black,  and  ferruginous  greywacke  and 
sandy  seams  in  shale,  the  whole  succession  having  a  thickness 
prorably  of  about  250  feet.  A  fine  section  has  been  laid  bare  north 
of  Beinn  Dearg  Bheag,  where  about  40  feet  of  black  shale  can 
be  seen.  These  shales  and  those  visible  ai  Doirc  Oaineamhaich 
(one  and  a  quarter  miles  north-east  of  Beinn  Dearg  Bheag)  are 
full  of  black  streaks  and  blotches,  which  are  strongly  suggestive 
of  the  possibility  of  discoverini:  fossils  in  them.  In  a  Silurian 
region  such  strata  might  be  expected  to  yield  lingulce  or  trilobites. 

It  is  important  to  note  that  the  local  base,  which  is  always  a 
conglomerate  or  breccia,  may  occur  at  any  horizon  for  a  distance 
of  2500  feet  up  in  the  series,  according  to  the  irregularity  of  the 
gneiss  ground  on  which  the  Torridonian  .series  was  laid  down. 

On  the  southern  margin  of  the  district  described  in  the  present 
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chapter  some  extremely  interesting  exposures  have  been  found 
of  tne  basal  conglomerates  and  breccias  and  of  their  relations  to 
the  remarkable  topographical  features  of  the  subsiding  gneiss 
land  on  which  they  were  deposited.  At  the  back  of  the  mountain 
Slioch  an  outlier,  consisting  mainly  of  coarse  breccia,  extends 
from  near  the  foot  of  Loch  Garbhaig  far  up  the  high  ground  to 
the  north-west.  As  it  ascends  it  divides  into  irregular  arms 
which  show  well  the  steepness  of  the  surface  on  which  the  breccia 
was  deposited.  Four  other  small  outliers  of  similar  rock  which 
lie  still  higher  up  indicate  how  the  hornblende-schist  has  here 
been  encased  in  Torridonian  sediments.  Again,  the  patch  of 
coarse  breccia  which  rests  on  the  steep  hillside  of  hornblende- 
schist,  on  the  north  side  of  Loch  Garbhaig,  half  a  mile  east  of 
the  outlet,  shows  clearly  that  its  diilerent  bands  have  been 
deposited  almost  horizontally  against  a  steep  face  of  the  schist. 
On  the  other  side  of  the  same  hill ,  half  a  mile  south-east  from 
the  foot  of  Lochan  Fada,  another  outlier  of  breccia  sends  out 
westward  an  arm,  at  the  north  end  of  which  the  hornblende-schist 
face  to  which  the  breccia  adheres  is  nearly  vertical.  Where  no 
breccia  is  now  left  the  planes  of  the  hornblende-schist  are  fre- 
quently stained  with  hiematite  and  are  streaked  with  haematite 
veins,  while  the  quartz  veins  are  reddened  and  abundant 
epidotic  strings  have  been  developed,  the  epidote  being  some- 
times in  distinct  crystals  which  are  included  within  quartz 
crystals.  Examples  of  these  features  may  be  found  to  the  west, 
south-west,  and  east  of  the  top  of  Beinn  Lair,  in  one  case  at  a 
height  of  more  than  2500  feet.  The  general  inference  to  which 
they  point  is  that  the  present  gneiss  surface  coincides  in  its  larger 
features  with  what  was  the  form  of  the  ground  in  Torridonian 
time  also.     (Fig.  11.) 

To  the  north-east  of  Beinn  Lair  the  lofty  A'  Mhaighdean  has 
preserved  an  outlier  of  breccia  and  grit,  the  most  abundant 
pebbles  in  which  are  of  the  Beinn  Lair  type  of  hornblende- 
schists,  and  often  5  or  G  inches  long.  Yet  this  outlier  rests 
directly  on  quartzose  gneiss,  hornblende-schist  in  situ  being 
quite  a  mile  and  a  half  distant,  though  possibly  at  the  time  of  the 
formation  of  the  breccia  hornblende-schist  may  have  existed  in 
mass  at  a  nearer  point.  About  half  a  mile  north-west  of  the 
top  of  A'  Mhaighdean,  in  a  rather  fine  breccia,  the  hornblende- 
schist  pebbles,  about  1  inch  in  length,  indicate  by  the  direction  of 
their  inclination  that  they  have  probably  come  from  the  south- 
west. In  the  large  outlier  which  rises  on  the  north  side  of 
Fuar  Loch  Mor  the  breccia  bands  contain  pebbles,  one  or  two 
inches  long,  chiefly  of  the  Beinn  Lair  type  of  hornblende-wschist. 

(2)  Applecross  Group. — This  group  as  developed  in  the 
eastern  area  of  the  district  now  under  description  attains  a  con- 
siderable thickness  and  presents  the  characteristic  features  by 
which  it  is  everywhere  distinguished.  It  is  usually  of  a  purplish- 
red  colour,  but  with  occasional  lighter-coloured  bands.  It  is 
often  markedly  pebbly  and  felspathic,  the  felspar  when  newly 
broken  being  red  and  fresh,  but  weathering  to  a  whity-brown  or 
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xuHj  edoor.  The  pebbles,  mostly  of  vein-quartz  but  witk  a 
few  of  Mnto,  range  up  to  two  or  three  inches  in  leiigtli. 
HlOli|^  HBietsmes  scattered  sparsely  through  the  rock,  they  ant 
eften  umwcd  in  layers.  They  abound  in  false-bedding  to  such 
'u  extent  uai  the  amount  of  their  dip  is  often  indcitermiiiable, 
bni  lian  aad  tlierc  thin  bands  df  finer  nandstone  serve  to  mark 
tlie  tnw  inoUaatiuu.  The  angle  of  dip  of  the  beds  is  almost 
unifbnnly  law,  ranging  between  5'^  ami  lb°,  with  perhaps  an 
amngs  of  about  10°.  The  direction  is  commonly  towards  the 
mnlli-aMt,  though  sometimes  to  the  north  of  east.  About  An 
Tealladi  it  ia  nearly  duo  east.  Sail  Mhor,  at  the  north-west  end 
of  th«  DandoDUell  Forest,  seems  to  owe  its  isolated  position  to 
fiiB  Iwt  tint  it  lies  in  a  geological  basin  or  syncline. 

The  Adw-bedded  pebbly  grits  of  the  Ben  More  Coigach  group 
td  moontuiu  dip  steadily  to  the  south-east  at  an  average  angle 
ot  lO^-lS**.  Some  of  the  pebbly  bands  on  Ben  More  Coigach  are 
ao  ooans  that  the  rock  might  be  described  as  a  conglomerate.  It 
oontaina  nranded  and  sub-angnlar  fragments  of  quartz, 
qoartiite,  jasper,  aud  chei-t,  set  in  a  felspatbic  matrix  which  is 
oftan  oHriitly  tpidotic.  A  band  of  hard,  tine-grainod,  bright- 
xad  or  pink  sandstone,  resting  on  greenish-grey,  ripple-marked 
flagatone,  forms  a  low  escarpment  along  the  southern  shore  of 
Looh  Imrgan  west  of  the  islands.  Similar  rocks  can  be  traced 
-  almig  the  hillBide  between  Loch  Bad  h'  Ohaill  aud  Lochau 
Sgfdreaoh,  and  also  on  the  coast  at  Horse  Sound,  between 
BMBtisoallie  and  Achininver. 

The  biiffht-red  rocks  of  Loch  Lurgan  recall  the  upper  red  crits 
of  the  Diab^  group,  but  their  position  at  more  than  one  horizon 
in  the  arkose  group  in  this  area  shows  that  they  are  here  a  local 
development  only,  and  lie  considerably  higher  in  the  series  than 
the  red  rocks  of  the  lowermost  group. 

Coarse  conglomerate  with  grit  bands  is  seen  resting  on  the 
gneiss  at  several  places  between  Loch  Bad  a'  Ghaill  and  Meall 
Leathad  an  Sithem,  wliere  it  is  cut  off  by  a  fault.  A  consider- 
able amount  of  overlap  occurs  along  this  line,  and  the  Torri- 
donian  strata  rise  rapidly  from  the  shore  of  the  loch  and  pass  over 
the  summit  of  a  hill  of  gneiss  more  than  250  feet  in  height. 

Owing  to  the  unequal  extent  of  the  denudation,  the  visible 
thickness  of  the  Applecross  group  in  the  eastern  area  of  this 
district  varies  considerably.  It  is  more  than  2500  feet  in  Sail 
Mhor,  about  2300  in  Mac'  us  Mathair,  and  about  3000  in  the  crags 
of  An  Teallach,  or  more  than  3000  if  counted  from  the  level 
of  Loch  na  Sheallag  to  the  summit  of  the  mountain.  Allowing 
for  a  moderate  dip  in  the  latter  case,  the  thickness  may  be  4000 
feet  or  more.  On  the  south  side  of  Loch  Broom  an  estimate  of 
the  thickness  in  a  section  drawn  from  the  sea  level  at  Annat  Bay 
over  Beinn  Ghobhlach  to  the  summit  of  Beinn  nam  Ban  (1901 
feet),  a  distance  of  41  miles,  with  a  fairiy  steady  dip  of  10°  or 
more,  gives  between  5500  and  6000  feet.  Another  computation, 
from  near  Achiltibuie  in  Coigach  over  Ben  More  to  Achendrean 
in  Strath  Eanaird,  a  distance  of  nearly  7^  miles,  gives  a  total 
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thickness  of  6600  feet.  If  600  feet  be  taken  for  the  thickness 
here  of  the  Diabaig  group,  then  that  of  the  arkose  group  will 
amount  to  6000  feet.  Yet,  in  spite  of  this  \^ast  depth  of  sedi- 
ment, no  trace  has  here  been  found  of  the  highest  or  Altbea 
group.  In  this  area  the  Cambrian  quartzite  everywhere  rests 
on  the  arkoses,  while  only  a  few  miles  to  the  west,  on  the  down- 
throw side  of  the  large  Coigach  fault,  2000  to  3000  feet  of  the 
Altbea  series  are  interposed  between  these  two  formations. 

In  concluding  this  account  of  the  Torridonian  groups  in  the 
eastern  area  of  the  district,  reference  may  be  made  to  some 
singular  results  of  the  weathering  of  these  rocks.  Where  the 
pebbly  sandstones  decay  rapidly,  as  in  Isle  Martin,  the  pebbles  of 
vein-quartz,  quartzite,  felsite,  and  other  materials  are  left 
behind  on  the  surface,  while  the  fine  sand  is  blown  or  washed 
away.  Again,  the  disintegration  of  finer  sediments  in  the 
tempestuous  climate  of  these  north-western  regions  sometimes 
gives  rise  to  effects  that  are  usually  thought  in  this  country  to  be 
confined  to  our  coasts.  On  the  high  plateau  between  the  peaks 
of  An  Teallach  and  Mac'  us  Mathair  to  the  north-west  the  sand- 
stone is  decomposed  to  great  depths,  and  the  loose  sand  blown 
about  by  the  wind  forms  dunes  comparable  to  those  ordinarily 
seen  on  the  sea-shore. 

Western  Are  a. — On  the  west  side  of  the  powerful  fault 
that  traverses  this  district  the  Diabaig  group  is  specially  charac- 
terised by  the  great  development  of  its  basement  conglomerates 
and  breccias.  If  we  follow  the  distribution  and  variation  of  the 
group  from  south  to  north  we  find  that  on  the  north-eastern  shore 
of  Loch  Maree  the  coarse  detritus  of  which  the  lower  portions  of 
the  group  largely  consist  is  well  displayed  to  the  south-east  of 
Inveran,  where  coarse  greenish  and  grey  gritty  sandstone  passes 
into  a  conglomerate  or  breccia  of  gneiss  fragments,  so  coarse  and 
massive  that  it  might  be  mistaken  at  first  for  gneiss  itself.  The 
red  and  greenish  sandstones  alternate  occasionally,  sometimes 
containing  large  pebbles  and  often  much  veined  with  quartz  in 
small  strings.  The  dip  is  west  or  north-west  from  15°  to  20°, 
and  sometimes  more.  A  specimen  (3893)  taken  from  a  rock  in 
this  locality  is  shown  by  microscopical  examination  to  be  a 
greenish  grit  with  epidote.  East  of  Loch  Ghiuragarstidh  (two 
miles  east  of  Poolewe)  another  breccia  of  gneiss  fragments,  which 
forms  a  marked  faulted  feature  running  north-eastwards  from 
the  loch,  re])resents  a  singularly  coarse  aggregate.  One  block 
of  gneiss  in  it  was  found  to  measure  14  feet  in  length. 

Above  these  strata  to  the  north  of  Loch  Kernsary  a  thick 
series  of  light  re<l  and  often  bright  red  sandstones,  with 
occasional  bands  of  conglomerate  which  dip  steadily  to  north- 
west, gives  rise  to  ridges  and  hollows  that  strike  to  the  north- 
east or  north-north-east.  Near  the  mouth  of  the  River 
Ewe  the  inclination  turns  round  towards  the  north-east.  The 
upper  limit  of  these  strata  is  not  easily  determined,  for  it  is  hard 
to  say  where  the  regular  arkoses  come  on.  This  well-bedded 
series  of  fine.-grained  bright  red  sandstones  appears  to  belong  to 


Qm  Diabug  croup  and  to  correspond  in  great  measure  to  what 
hM  been  flelK!<l  the  "foxy"  group  elsewhere,  but  no  shnles  or 
ney  flam liXTe  been  met  with  in  the  area  now  under  description. 
The  man  are  muck  crushed  near  the  tine  of  fault  which  run» 
M'.Tf.'W.  fnnk  Loch  Kemsan',  while  along  the  great  north-east 
iMllt,  vllidl  runs  parallel  to  the  road  hetwi^en  Inverewe  and 
Taunsig,  mich  brccciation  may  here  and  there  be  observed. 

The  seoond  or  Applecross  group  of  the  Torridonian  formation 
is  the  wertern  area  of  the  present  district  is  best  displayed  to  the 
WBstof  theOoigach  hilts  in  the  Hiidlia  Morand  some  of  the  islands 
OuA  rtretoh  across  to  Gruinnrd  Bay.  The  usual  Hthulogical 
featoiee  of  the  group  are  there  characteristically  shown.  '  AJI 
the  ootermost  of  the  Summer  Islen  consist  of  the  typical  coarse 
Mroe&ie  eeniistones,  except  the  Priest  Island,  of  wliich  only  a 
■nul  portioil  of  the  northern  end  belongs  to  this  group.  An 
interening  eection  is  found  on  the  west  side  of  the  Inland  of 
Gleeleeo  Bieeg.  A  eoarse  sandstone,  whit^h  there  forms  a  marked 
leetare,  dips  E.S.E.  at  30°-40°,  and  haw  a  very  irregular  base. 
It  oreilies  end  overlaps  a  set  nf  grey  flags  (varying  up  to  five 
feet  in  thiokiicss)  with  some  three  or  four  tnin  shale  bands,  while 
the  flags  are  underlain  by  coarse  false-bedded  grit.  Eilean  Cuir 
and  tbe  north-west  end  of  Tanera  Beg  belong  to  the  Apple- 
ones  group.  Glasleac  Mor  presents  numerous  faults  and  joints, 
with  the  dip  in  the  unusual  direction  of  west  of  south.  Eilean 
Mnllagrach  likewise  abounds  in  faults,  and  on  its  eastern  side 
serenil  sharp  folds  may  be  noticed.  In  the  large  island  of  Ristol, 
where  the  dip  is  uniformly  eastward  at  a  low  angle,  some 
of  the  uppermost  beds  of  the  group  are  risible. 

On  the  mainland  of  the  Rhu  More  the  arkoses  are  well  seen. 
To  the  east  of  Iteiff  they  have  been  folded  in  an  anticline  which 
ranges  shout  north-east,  but  their  dip  is  far  from  regular  and 
nowhere  high,  except  near  Faochag  Bay,  where,  among  many 
faults  and  crushes,  it  varies  considerably,  rising  in  some  places 
to  as  much  as  30°.  To  the  east  of  the  headland  of  the  Bhu 
Coigach  fine  sandstones  in  strata  from  one  to  three  feet  thick 
He  between  coarse  sandstone.  In  the  little  bay  west  of  the 
headland,  where  the  dip  is  15°  to  the  south  of  west,  red,  yellowish 
and  grey  shaly  mudstone  appears  together  with  some  IJiin  fine- 
grained sandstone.  The  arkoses  occupy  the  shore  east  of  Bhu 
Coigach  as  far  as  the  fault  which  runs  north  from  Clar  Loch 
Mor. 

The  strata  laid  bare  on  the  shore  west  of  Achnahaird  Bay  lie 
on  the  strike  of  the  high-dipping  Altbea  group  to  the  south,  but 
are  totally  unlike  these  beds.  Consequently  a  fault  with  a 
north-westerly  trend,  as  drawn  on  the  map,  must  exist  between 
them  in  the  peat-covered  ground  in  the  centre  of  the  peninsula. 
On  the  west  side  of  Achnahaird  Bay  coarse  red  pebblv  ackosea 
dip  at  first  E.S.E.,  and  then  successively  S.S.W.  and  S.S.E.,  as 
far  as  an  anticline,  where  the  dip  changes  to  north-west  at  30*^, 
and  round  the  west  point  of  the  bay  to  west  at  10°-20°. 

Altbea    Group. — We    have    now    reached    the    consideration 
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of  the  highest  member  of  the  Torridonian  formation,  which  is 
typically  developed  in  the  district  now  under  description,  and 
has  received  its  name  from  the  village  of  Altbea  on  Loch  Ewe, 
near  which  its  characteristic  features  can  be  satisfactorily 
studied.  It  rests  conformably  on  the  arkoses  below,  the  sedi- 
mentation having  been  continuous  from  the  one  group  into  the 
other.  But  the  general  character  of  the  sediments  underwent 
a  marked  change  at  the  close  of  the  deposition  of  the  coarse 
felspathic  sandstones  of  the  Applecross  group.  In  the  first  place 
the  prevailing  colour  of  the  strata  is  different,  the  Altbea 
group  being  marked  by  a  paler  and  sometimes  a  considerably 
brighter  red  than  that  of  the  arkoses  underneath.  Again,  the 
sandstones  are  finer  in  grain,  frequently  present  the  peculiar 
variety  of  curved  false-bedding,  and  often  weather  into  smooth 
or  rounded  forms  somewhat  resembling  those  of  calcareous  rocks. 
Bands  of  shale  more  often  appear  in  this  group  than  in  that  of 
the  arkoses.  They  are  most  frequent  and  thickest  among  the 
highest  members. 

The  most  northerly  place  at  which  the  base  of  this  group  has 
been  traced  is  about  Altandow,  in  the  llhu  More  of  Coigach.  Jn 
itc  southward  progress  the  base  line  must  keep  to  the  east  of 
Isle  Ristol  and  west  of  Eilean  FadaMor,  passing  through  the 
north-west  part  of  Tanera  Beag,  and  just  touching  the  north  end 
of  the  Priest  Island.  It  then  keeps  out  to  sea,  and  first  strikes 
the  mainland  on  the  Rudha  Mor  near  Meallan  Udrigill,  whence 
it  runs  south-westwards  across  the  peninsula,  reaching  the  shore 
of  Loch  Ewe  near  Ormiscaig.  It  then  continues  southwards 
across  the  west  end  of  Isle  Ewe,  but  no  trace  of  the  group  has 
been  detected  on  the  opposite  side  of  Loch  Ewe.  It  should  here 
be  remarked  that  the  position  of  the  base  line  here  sketched  was 
not  alwavs  exactlv  determined  in  the  Altbea  district,  as  at  the 
time  the  survey  of  that,  ground  was  made  (at  an  earlier  date 
than  the  mapping  of  Coigach  and  the  Summer  Isles)  no  sub- 
divisions had  been  introduced  into  the  maps  of  the  traet-s  of 
Torridon  Sandstone. 

East  of  the  line  now  traced  the  Altbea  group  occupies  a  strip 
of  ground  varying  in  width  from  two  to  four  miles,  and  bounded 
on  the  east  side  by  the  large  fault  above  mentioned,  save  where 
in  Coigach  a  narrow  band  of  Cambrian  quartzite  lies  between  it 
and  the  fault,  and  where  from  Altbea  to  Laid  a  band  of 
Secondaiy  rocks  intervenes.  The  group  thus  forms  many  of  the 
Summer  Islands — Tanera  More  and  the  greater  part  of  Tanera 
Beag,  sgeirs  lying  south  of  these,  nearly  all  the  Priest  Island  and 
the  islets  stretching  eastwards  to  Eilean  Dubh,  besides  Gruinard 
Island,  and  most  of  Isle  Ewo.  The  dip  of  the  component  strata 
is  nearly  eveiywhere  towards  the  east-south-east  or  south-east  at 
angles  of  20°  to  30°,  or  even  sometimes  40°  to  50°. 

These  highly- inclined  sandstones  have  given  rise  to  a  form  of 
surface  in  Coigach,  the  Summer  Islands,  and  in  the  Rudha  Mor 
different  from  the  topography  of  the  main  masses  of  the  Torridon 
Sandstone.     No  paii;  of  the  ground  rises  to  a  great  height  or 
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presents  isolated  conical  hills.  The  dtstinguishine  charac- 
teristic of  the  ground  is  its  disposition  in  ridges  and  hollows, 
which  have  bet'u  already  alluded  to  as  coincident  with  the  strike 
of  the  beda— that  is,  N.N.K.  to  S.S.W.  The  slopes  of  these 
ridfjes  lie  on  their  east  or  dip  side,  while  the  scarps  and  cliffs 
front  towards  the  west.  Priest  Island,  where  the  strata  dip  t« 
S.S.E,,  affords  a  good  example  of  this  stnicture,  many  of  the 
hollows  along  the  strike  being  occupied  hy  fresh-water  lochs. 
Other  excellent  illustrations  of  the  same  feature  are  furnished  hy 
the  smaller  rocks  or  sgeirs,  such  as  Sgeir  nam  Mult,  which 
shows  a  succession  of  four  examples.  The  same  type  of  ground 
prevails  south  of  Gruinard  Bay.  in  the  area  to  the  east  of  the 
laulted  Secondary  rocks,  though  there  it  is  much  obscured  bv 
drift. 

The  best  continuous  section  of  the  Althca  group  is  displayed 
on  the  southern  shore  of  the  Hhu  Store  peninsula  of  Coigach 
opposite  Dorney  and  I'olbain,  where,  the  width  of  the  outcrop 
being  two  miles  and  the  angle  of  dip  varying  from  \b°  to  30°. 
its  thickness  is  estimated  to  be  at  least  between  2000  and  3000 
feet,  and  may  possibly  even  amount  to  as  much  as  4000  feet- 
There  may.  however,  be  some  repetition  by  faults,  and  the  bed- 
ding in  this  group  is  «o  irregular  and  occasionally  massive  in 
character  that  false-bedding  may  have  been  here  and  there  mis- 
taken for  the  normal  stratification.  The  higher  beds  of  the 
Altbea  group,  like  those  exposed  at  the  Cailleach  Head,  may 

gjsaibly  exist  under  a  concealed  apace  of  600  yards  opposite 
adentarbet.  The  group  does  not  extend  to  the  northern  shore 
of  Coigach.  It  is  cut  ofi  by  the  fault  at  Achnahaird,  to  which 
reference  has  already  been  made. 

It  is  on  the  reromonton'  of  the  Cailleach  Head,  at  the  mouth 
of  Little  Loch  Broom,  that  the  thickest  bands  of  shale  in  the 
Altbea  group  are  to  be  seen.  One  of  these  bands  forms  a  con- 
spicuous feature  along  the  strike  at  the  extremity  of  the  head- 
land. The  section  here  laid  open  reveals  a  continuons  succession 
of  well-bedded  hard  brown  sandstone,  with  beds  of  green  and 
grey  micaceous  shale  and  mudstone,  the  whole  having  a  thick- 
ness of  probably  1500  feet,  sometimes  ripple-marked  and  sun- 
cracked.  A  band  of  black  shale  shows  black  impressions  like 
plants.  Though  these  strata  have  been  diligently  and  repeatedly 
searched  for  fossils,  they  have  not  yet  yielded  more  than  the 
obscure  evidence  of  organic  structure  referred  to  in  Chapter 
XVI. 

The  most  important  bands  of  shale  which  have  been  observed 
in  this  group  as  developed  in  other  parts  of  the  district  may  be 
here  enumerated  in  the  hope  that  future  observers  may  be  suc- 
cessful in  detecting  organic  remains  among  them.  Among  the 
Summer  Isles,  at  the  east  end  of  Tanera  Beag,  a  band  of  grey 
shale,  10  feet  thick,  cannot  be  traced  far  on  account  of  a  fault 
which  cats  it  off.  On  the  north-east  side  of  Eilean  Dubh  a 
band  of  grey  shale,  18  inches  thick,  has  been  noted,  and  flags 
occur  oa   the   north-west   side  of   the   same.       On   the  south- 
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east  side  of  Bottle  Island  three  or  four  feet  of  flags  and  grey 
shale  may  be  seen.  On  the  north-east  side  of  Priest  Island 
different  bands  of  flags  and  shale,  a  few  feet  in  thickness,  have 
been  observed  in  two  places  among  the  cliffs.  Beds  of  dark  grey 
shale  are  visible  at  low  water  on  the  eastern  side  of  the  Gruinard 
Island. 

On  the  mainland  of  the  Rudha  Mor,  the  shore  north  of  Laid 
and  immediately  east  of  the  hill  called  Meallan  TJdrigill  exposes 
some  15  feet  of  regularly  smooth-bedded  fine  red  sandstone, 
which  in  its  lower  part  is  so  flaggy  as  to  yield  what  might  be 
called  **  tiles."  The  dip  is  about  12°  south  of  east,  at  an  angle 
of  40°.  On  this  coast  a  beautiful  example  of  unconformability  is 
presented  in  an  arch  worn  by  the  sea,  wherein  the  sides  consist  of 
steeply- inclined  Torridonian  strata,  while  the  crown  is  formed 
by  gently-inclined  Secondary  beds. 

On  the  south  side  of  Gruinard  Bay  the  Altbea  group  appears 
again  to  reach  the  mainland,  but  it  is  there  so  much  famted, 
jointed,  shattered,  and  veined  with  quartz  that  its  usutd 
characters  have  been  destroyed,  and  it  cannot  everywhere  be 
satisfactorily  separated  from  lower  portions  of  the  Torridonian 
series.  This  obscurity  continues  across  most  of  the  ground  up 
to  the  shores  of  Loch  Ewe,  but  to  the  north-east  of  Loch  a'  Bhaid- 
luachraich  the  strata  exposed,  dipping  towards  the  south-east  at 
high  angles,  appear  to  belong  to  the  Altbea  group. 
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CHAPTER  XIX. 
LOCH  MAREE  TO  KISHORN, 

INOLl'DrSG   TOUIUDON,  GAIJILOCH,   APPLKCROSS,   CKOWLITJ  ISLES, 
AXD   RAASAY.* 

The  extensive  district  now  fo  be  described  measures  about 
thirty-six  miles  from  nortli  to  south,  with  a  maximum  breadth 
of  about  nineteen  miles.  It  embraces  the  largest  continuous 
area  of  the  Torridon  Sandatono,  and  displays  that  formation  in 
its  most  typical  forms.  The  denudation  which  further  north  haa 
isolated  the  sandstones  into  numerous  outliers  has  here  also 
deeply  trenched  them  and  separated  them  into  colossal  groups  of 
mountains,  but  without  laying  bare  the  underlying  gneiss,  save 
here  and  there  where  hills  of  that  ancient  rock  have  been  buried 
under  the  vast  mass  of  Toiridoniau  sediment.  It  will  be  most 
convenient  for  purposes  of  deacriplion  to  divide  the  district  into 
separate  areas,  and  to  trace  the  distribution  and  development  of 
the  rocks  in  each  of  them.  These  areas  are  (1)  Loch  ilaree  and 
Torridon,  (2)  Gairioch,  (3)  Applecross,  (4)  the  adjacent  I8land9_ 
of  Crowiin  and  Baasay. 

(1)  Loch  Maree  aitd  Torridon. 

The  Torridonian  formation  reaches  very  nearly  its  greatest 
elevation  in  the  wild  mountain  district  that  stretches  southward 
from  Loch  Maree,  surrounds  the  head  of  Loch  Torridon,  and 
sweeps  eastwards  to  Strath  Carron.  Within  this  area  are 
included,  with  the  exception  of  An  Teallach,  the  loftiest  of  the 
Torridon  mountains:-— Sail  Mhor  of  Beinn  Eighe  (3217); 
Leagach  (Liathach)  (3456) ;  Alligin  (3232) ;  Sgurr  Ruadh 
(3141) ;  Meall  a'  Chinn  Deirg  (3060) ;  Beinn  Damph  (2958) ; 
and  Fuar  Tholl  (2968) ;  besides  many  other  bilk  of  lesser  eleva- 
tion. The  topmost  peaks  of  Sail  Mhor,  Leagach  (Liathach), 
and  Beinn  Dampb  are  thinly  capped  with  Cambrian  quartzite, 
but  the  great  bulk  of  the  mountain  is  in  each  case  of  Torridon 
Sandstone. 

This  portion  of  the  ancient  sandstone  plateau  affords  an 
example  of  a  stage  of  denudation  intermediate  between  that 
found  in  the  Applecross  peninsula  and  that  of  the  completely- 

♦By  L.  W.  Hioxnian,  with  notes  from  B.  N.  Peach,  J.  Home,  W. 
Ounn,  C.  T.  Clough,  and  E.  Greenlv.  The  district  deBcril>ed  is  included  in 
Sheets  81,  82,  91,  and  92  of  the  Geol<^cal  Survey  Map. 
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isolated  cones  of  Sutherland  and  north-western  Boss.  Though 
we  have  not  in  this  region  to  replace  in  imagination  such  masses 
of  vanished  strata  as  those  that  once  connected  the  Sutherland 
peaks,  it  is  evident  even  to  an  untrained  eye  that  the  mountains 
here  also  have  been  carved  out  of  a  high  table-land.  Each  of 
them  has  a  complete  individuality,  and  stands  out  distinctly  from 
its  fellows.  The  cols  between  the  heads  of  the  opposing  glens 
and  corries  do  not,  as  in  Applecross,  form  part  of  the  unbroken 
plateau,  but  have  been  cut  down  to  a  considerable  level  below 
that  of  the  summits,  and  separate  the  mountains  from  one 
another  by  valleys  often  of  great  depth.  Thus  the  watershed 
between  tne  Torridon  and  Kinlochewe  River,  in  the  great  valley 
which  separates  Beinn  Eighe  and  Leagach  from  the  hills  of 
Coulin  and  Beinn  Damph,  is  only  343  feet  above  sea  level,  the 
other  cols  ranging  from  900  to  1400  feet  in  height.  In  the  high 
ground  that  overlooks  Strath  Carron  on  the  west,  the  separation 
into  distinct  peaks  is  much  less  complete.  The  dominant  feature  of 
this  region  is  a  more  or  less  continuous  ridge  that  extends  south- 
west from  Loch  Clair  to  Glen  Kishorn,  and  presents  a  steep, 
scarped  face  to  the  north-west ;  while  on  the  further  side  lofty 
spurs,  separated  by  deep  glens,  run  out  at  right  angles  with  a 
south-east  trend.  As  this  district,  however,  lies  within  the  area 
of  disturbance,  in  which  successive  thrust  masses  of  Cambrian  as 
well  as  Torrid onian  strata  are  involved,  it  cannot  be  regarded  as 
part  of  the  original  Torridonian  plateau. 

The  most  important  features  in  the  geological  structure 
of  this  area  of  undisturbed  Torridonian  strata  are  the 
powerful  north  and  south  dislocation  known  as  the 
Fasagh  fault,  and  the  great  anticlinal  fold  trending 
approximately  in  the  same  direction,  the  two  features  inter- 
secting one  another  on  the  northern  slopes  of  Leagach. 

The  Fasagh  fault,  so-called  from  the  place  of  that  name  on  the 
north  side  of  Loch  Maree,  where  it  is  particularly  well  seen, 
traverses  the  area  from  the  mouth  of  the  Grudie  River  to  the 
head  of  Loch  Kishorn.  Its  downthrow  is  to  the  east,  and  from 
the  effect  produced  on  the  Cambrian  strata  further  north  the 
amount  of  its  throw  must  be  considerably  more  than  1000  feet. 
Its  course  at  the  surface  is  marked  by  a  deeply-cut  feature  on  the 
face  of  Leagach,  above  the  head  of  Loch  Torridon.  It  here 
brings  down  the  upper  and  middle  portions  of  the  Applecross 
group  against  strata  much  lower  in  the  series,  for  the  hard 
quartzose  sandstones  with  shaly  partings  and  red  clay  seams,  seen 
at  the  roadside  immediately  west  of  Fasag,  belong  to  the  base  of 
Group  2,  while  the  red  flaggy  beds  west  of  Torridon  House  may 
be  regarded  as  the  top  of  the  Diabaig  group.  Another  result  of 
this  fault  may  be  seen  in  the  absence  of  Cambrian  strata  in  the 
west.  The  quartzites  that  cap  Mullach  an  Rathain  of  Leagach 
and  the  eastern  peak  of  Beinn  Damph  dip  towards  the  sea,  and 
but  for  the  fault  should  have  appeared  on  the  higher  hill-tops 
further  west. 
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A  line  drawn  southwards  from  Loch  Bad  na  Sgalaig  in  Gair- 
loch,  across  the  siunmits  of  Beinn  Dearg,  Leagach,  and  Beimi 
Damph,  and  down  Strath  a'  Bhathaicb  to  the  head  of  Loch 
Damph,  marks  the  axis  of  a  broad  anticlinal  fold  in  the  Torri- 
dcnian  and  Cambrian  strata.  West  of  this  line  the  general  dip 
is,  with  small  local  variations,  steadily  to  the  north  and  south  of 
west.  The  anticline,  well  seen  on  the  southern  face  of  Leagach, 
where  upwards  of  3000  feet  of  thick-bedded  purple  gritty  sand- 
atones  rise  in  an  almost  vertical  wall  above  the  road  in  Glen 
Torridon,  crosses  the  crest  of  the  mountain  a  little  west  of  the 
q u art zite- covered  peak  of  Spidean  a  Choire  Leith.  The  sand- 
stones are  here  flat  or  nearly  so,  but  dip  away  on  either  side  to 
east  and  west  at  angles  of  7°-10'-'.  The  small  Cambrian  outlier 
that  caps  the  summit  of  Mullach  an  Bathaiu  dips  south-west, 
while  the  dip  of  the  quartzites  on  the  central  and  eastern  peaks 
i<«  to  the  east,  showing  that  this  fold  is  of  poat-Carabrian  age. 
The  quartzite  on  Mullach  an  Rathain  rests  upon  several  feet  of 
green  shale  and  red  flaggy  sandstone  that  may  possibly  belong  to 
the  base  of  the  Altbea  group. 

(1)  Diabaig  Group. — Nearly  the  whole  of  the  Loch  Maree  and 
ToiTidon  area  ia  covered  by  the  thick  arkoses  of  the  Applecross 
ffroup.  But  the  lowest  or  Diabaig  group  is  here  typically 
developed  on  Loch  Torridon.  In  the  township  of  Diabaig,  on 
the  north  shore  of  the  Outer  Locli,  this  group  consists  of  the 
following  BQCceasion  of  strata :  — 

Zone  3.  Flaggy  grits  and  MndstoneB  beooming  more  mtaa-n  at  top, 
weathering  bright  red. 

„  S.  Dark  shales  and  mudatoiies,  with  thin  beds  of  grit  and  flag- 
stone and  calcareous  bands. 

,,     3.  B«d  flaggy  grits  and  basal  breccia. 

The  total  thickness  of  the  series  at  Lower  Diabaig  is  about 
700  feet.  The  breccia,  composed  of  fragments  derived  from  the 
underlying  rocks,  is  a  local  base,  and  may  occur  at  any  horizon 
where  hi^er  beds  overlap  upon  the  gneiss.  Both  the  highest 
and  lowest  zones  are  characterised  by  bright-red  weathering, 
but  are  distinguished  from  each  other  by  difference  in  grain. 
The  grits  of  the  upper  zone  pass  into  fine-grained  sandstones, 
while  the  lower  grite  are  invariably  coarse,  and  often  contain 
large  scattered  pebbles.  The  pebbles  in  this  group,  unlike  those 
higher  up  in  the  series,  seem  to  be  largely  of  local  derivation, 
and  in  the  lowest  zone  are  almost  entirely  composed  of  the  sub- 
jacent gneiss. 

An  excellent  section,  in  which  the  beds  are  well  exposed 
throughout,  is  seen  on  the  shore  at  Lower  Diabaip,  and  mav 
here  be  described.  The  gneiss  rises  from  the  shore  io  form  the 
steep  rocky  eminence  of  An  Torr,  off  the  foot  of  which  the  basal 
conglomerate  dips  W.S.W.  at  a  tolerably  high  angle,  while  small 
patches  of  conglomerate  and  breccia  occur  here  and  there  on  the 
ateep  slope  above.  Grey  and  red  flagstones  with  scattered 
pebbles  aupervene,  followed  by  about  400  feet  of  fissile  grey 
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shales  and  dark  mudstones,  alternating  with  thin  bands  of  grit 
and  compact  fine-grained  flagstone.  Some  of  the  fine-grained 
beds  are  highly  calcareous  and  show  the  characteristic  brown 
limestone- weathering.  The  dark  shales  are  often  ripple-marked 
and  sun-cracked,  and  on  some  of  the  surfaces  well-preserved 
impressions  of  rain  drops  can  be  seen.  These  facts  point  to 
shallow-water  conditions,  and  the  deposition  of  the  sediment  on 
a  tidal  shore,  perhaps  also  to  a  warm  and  dry  climate  in  which 
the  shore  silt  dried  and  hardened  between  tides,  so  as  to  retain 
the  markings  impressed  upon  it.  The  shaly  beds  are  succeeded 
by  massive  bright-red  sandstones  with  shale  partings,  and  these 
gradually  pass  up  into  the  purple  false-bedded  grits  of  the 
Applecross  group  (II.)-  ^  westerly  dip  prevails  throughout, 
the  angles  varying  from  8°  to  10°,  but  at  the  western  end  of  the 
section  the  inclination  falls  rapidly  until  the  strata  are  nearly  flat. 
Good  sections  of  the  group  may  be  seen  in  the  stream  that  flows 
out  of  Loch  Roag,  and  in  the  two  burns  that  flow  into  the  north- 
east corner  of  Loch  Diabaigs  Airde.  Further  inland  to  the  north 
other  good  exposures  of  tne  lower  series  appear  between  Loch 
Roag  and  Loch  na  h'Uamhaig,  where  a  considerable  extent  of 
ground  is  occupied  by  bright-red  flaggy  grits  with  large  scattered 
pebbles.  In  several  places  sandstone  and  breccia  may  be  seen 
filling  up  hollows  and  cracks  in  the  uneven  surface  of  the  gneiss, 
which  here  rises  rapidly  eastwards,  until  the  purple  grits  of  the 
Applecross  group,  brought  on  by  a  rapid  overlap,  are  found 
resting  on  the  gneiss  on  the  western  side  of  Ruadh-Mheallan  at 
a  height  of  nearly  1700  feet. 

Rocks  of  the  Diabaig  group  are  well  displayed  along  the 
southern  shore  of  Upper  Loch  Torridon,  between  Ob  Gorm  Mor 
and  Shieldaig.  The  eroded  surface  of  the  gneiss  on  the  east 
side  of  the  Aird  Mhor  is  overlain  by  a  thin  cake  of  coarse  angular 
breccia  containing  blocks  of  gneiss  five  and  six  feet 
long.  Further  west  along  the  coast,  flaggy  red  grits 
and  ripple-marked  flagstones  with  a  south-westerly  dip 
crop  out  along  the  shore  east  of  Badan  Vugie.  At 
this  spot  a  shallow  syncline  brings  on  purple  and 
grey  shales  with  pebbly  bands  dipping  east,  while  dip  slopes  of 
coarse  conglomerate  are  seen  resting  on  the  gneiss  at  the  mouth 
of  the  Balgy  River.  Breccia,  with  a  westerly  dip  of  15°-20°, 
occurs  again  on  the  east  side  of  Camas  a'  Chl^rsair  (Bay  of  the 
Harper).  The  promontory  between  this  inlet  and  Ob  Mheallaidh 
(Deceitful  Bay)  is  made  up  of  red  flaggy  sandstones  resting  on 
grey  flags  and  shales.  The  shores  of  the  latter  bay  afford  good 
exposures  of  purple  fissile  flagstones  and  greenish  micaceous 
shales,  the  surfaces  of  the  flaggy  beds  often  showing  sun-cracks 
and  ripple-marks.  The  direction  of  the  ripples,  observed  at 
Badan  Vugie,  runs  east  by  north  and  west  by  south.  As  already 
referred  to  in  Chapter  XV.,  the  base  of  the  Torridonian  series 
rises  rapidly  from  the  sea  at  Ob  Mheallaidh,  and  passes  round  the 
northern  ond  of  Beinn  Shieldaig.  The  arkoses  of  the  Applecross 
group  ov^lnp  the  Diabaig  strata  against  the  steep  sides  of  the 
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pn»-Tomd(iiUaii  hill  until  they  rest  on  the  gneiss  at  an  elevation 
oi  over  MO  feet  on  the  north-western  shoulder  of  the  mountain 
kbore  G«uiii-locha. 

Falw-bedded  grita  and  sandstones  of  the  Uiabaig  group 
ooonpy  die  ground  on.  the  southern  shore  of  Loch  Shieldaig  and 
•long  the  ooiLrse  of  the  Ambainn  Dubh .  They  dip  south-west  at 
10°,  and  rise  steadily  in  the  series,  until  they  are  cut  off  and 
bnrarikt  dovn  against  the  eneiss  along  the  Inverbain  Hiver  by 
the  ApplflOrms  fault.  Thia  dislocation,  which  also  bounds  the 
TOTridoaiiui  area  for  some  distance  north  of  AUigin  8uas,  on  the 
oppOflite side  cf  Loch  Torridon,  trends  south-westwards  across  the 
penuunla,  and  throwa  down  the  Secondaiy  rorks  to  the  bottom 
at  the  i^leoroes  vktley.  The  relation  m  these  yonBgw  gtzata 
to  the  TorridcHi  grits,  vhioh  rise  in  an  Bacarpment  nea^  1000 
feet  in  height  on  the  n(»th-westeni  aide  of  the  glen,  dunn  ttat 
whether  or  not  the  dislocation  tss  initiated  in  earlier  timas,  it 
has  been  in  operation  since  the  Liaarao  period,  seeii^  diat  it  has 
disdboed  Ihe  Sectmdary  strata  for  more  than  1000  feet. 

fiuiher  west,  among  Ihe  hollows  of  the  old  gneiss  ridge  iriiidi 
has  been  buried  nnder  the  Torridonian  fonnatum,  nnaU  areas  of 
the  Diabaig  ^oop  have  heea  laid  bare,  as  at  Aidheslaig  and  on 
the  shores  3  XochCreagach.  lite  gneiss  olifb  alcoig  the  eastern 
side  of  diat  loch  are  covered  in  places  with  thin  cakes  of  S»ggj 
red  grit  with  pebbly  bands  and  small  patcJies  of  conglomramte 
and  breccia,  some  of  which -is  extremely  coarse  and  oaloareoiu, 
its  large  blocks  of  gneiss  and  homblMide-ro<^  being  cemented 
tt^ther  by  strings  and  masses  of  calcite.  Ripple-marked  flag- 
stones and  red  flaggy  gritfi,  lying  nearly  flat,  are  seen  along  the 
shore  at  Kenmore,  and  also  at  Camas  an  Eilean,  where  they  dip 
north-west  at  10°-15°. 

On  the  south  side  of  Loch  Maree,  where  projecting  portions  of 
the  ancient  irregular  land-surface  of  gneiss  have  been  laid  bare 
W  the  denudation  of  the  overlying  Torridonian  sediments,  the 
Diabaig  group  has  been  well  exposed  in  a.  series  of  interesting 
sections.  One  of  these  has  been  cut  by  the  River  Lungard  at 
Talladale,  where,  under  a  depth  of  100  feet  of  hard  compact 
brick-red  grits  with  no  pebbles,  a  series  of  black  and  grey  shales, 
greywackes,  reddish  gnts,  and  shales  can  be  seen  in  the  river- 
gorge  to  havo  a  thickness  of  about  250  feet.  Another  fine  sec- 
tion of  black  grits  and  dark  and  grey  shales  has  been  laid  open 
in  Gleann  Airidh  Chomhaich,  one  mile  S.S.E.  from  Tallad^e. 

The  structure  of  the  ground  between  Loch  Maree  and  the  hilly 
ground  to  the  south-east  of  Strath  Lungard  is  represented  in 
t'ig  12.  Between  the  lake  and  the  strath  one  of  the  ridges 
of  the  old  gneiss  is  unconformably  flanked  on  either  side  by  the 
lowest  members  of  the  Torridonian  series.  Strath  Lungard  is 
seen  to  be  an  ancient  depression  of  the  surface  of  gneiss,  in  which 
the  Diabaig  group,  followed  by  the  arkoses,  has  been  deposited. 
To  the  south-east  of  the  glen  the  gneiss  once  more  rises  to  the 
surface  in  another  ridge,  beyond  which  the  ground  mounts  up 
into  the  high  hills  of  arkose  in  the  Einlochewe  Forest. 


Loch  Maree  and  Torridon. 

In  the  section  laid  open  by  the  River     >* 
Lungard,  the  strata  of  the  Diabaig  eroup 
are  seen  to  have  a  more  or  less  persistent 
dip  to  the  south  or  S.S.E.  at  an  average 
angle  of  10°,  and  to  be  traversed  by  small 
faults.     They  graduate  upward  through 
the    fine-grained    brick -red    sandstones 
above    mentioned,   which   in    turn   pass        ^ 
upward  into  massive  pebbly  grits  of  the        C 
arkose  group.     The  uneven  floor  of  Lew-         | 
isian  gneiss,  with  its  dykes  of  epidiorite 
and  hornblende -schist,  rises  on  the  east 
aide  of  the  valley  to  a  height  of  about 
1000  feet  above  aea-level.     The  Diabaig 
beds  can  be  traced  round  the  margin  of 
this  ridge  of  gneiss,  dipping  off  the  old 
land-surface  at  angles  from  5°  to  10°. 

(2)  Applecross  Group. — The  great  mass 
of  arkose  which  forms  the  high  moun- 
tainous country  that  stretches  from  Loch 
Maree  to  Loch  Torridon,  and  thence  south- 
wards through  the  wilds  of  Applecross, 
varies  but  little  in  lithological  character 
from  one  part  of  the  area  to  another.  The 
huge  masses  of  Alligin,  Beinn  Dearg,  'and 
Leagach  on  the  north,  and  of  Beinn 
Damph,  Beinn  Shieldaig,  and  Beinn  Bhan 
on  the  south  side  of  Loch  Torridon,  are 
almost  entirely  built  up  of  pebbly  grits 
and  coarse  sandstones,  often  full  of  false 
bedding,  and  with  occasional  bands  or 
seams  of  shale  and  flagstone.  The  general 
dip  of  these  rocks  is  south-west  or  S.S.W., 
and  the  average  angle  of  inclination8°-12'', 
though  in  the  neighbourhood  of  the  more 
important  faults  it  may  rise  to  25"  or  30°. 
In  the  Glen  Shieldaig  and  Applecross 
Forests  the  rocks  are  traversed  by  many 
narrow  basalt  dykes  of  Tertiary  age,  and 
the  patches  of  vivid  green  herbage  seen 
on  the  hill-side  above  the  road  in  Glen 
Shieldaig  are  due  to  the  decomposition  of 
small  sheets  of  augite-minette,  intrusive 
in  the  sandstones.  The  architectural 
character  produced  by  the  regular  paral- 
lelism and  nearly  horizontal  stratification 
of  the  sandstones  is  exemplified  in  the 
mural  precipices  and  castellated  buttresses 
that  sweep  up  almost  from  the  aea- 
level  on  the  north  side  of  Upper  Loch 
Torridon   and    Glen    Torridon.      But  it 


k  in  A{^deonss  that  these  noble  features  reach  their  highest 
dsnlopiBent. 

TIl8  Torridtoiiaa  strata  referred  to  in  the  foregoing  pa^es  lie 
entirdj  in  the  undisturbed  region  to  the  west  of  the  line  of 
OOmpUoftied  tectonic  structure.  But  the  area  now  under 
danription  inchides  also  lai^e  tracts  of  the  same  rocks  which 
have  been  diiplaced  and  modified  by  the  post-Cambrian  move- 
ments. The  atea  of  disturbance  is  bounded  on  the  west  by  a  line 
irilioh  mns  S.S.W.  from  the  head  of  Loch  Maree,  across  Beu 
Ei^^e  and  tii6  eastern  shoulder  of  Leagach,  and  is  continued 
alntg  the  sontheru  slopes  of  Strath  a'  Bhathaich  to  the  Xishorn 
SiTer,  where  it  is  cut  off  by  the  Fasagh  fault.  Over  the  greater 
put  of  its  OOOlse  this  iine  is  of  the  nature  of  a  thrust  or  reversed 
nralt,  bat  in  the  extreme  north  passee  into  a  g^sUaa  of  ftdds. 

Eaat  of  thia  line  the  rdationa  of  the  Torridcnuan  and  Cambrian 
etnta  are  no  longer  ntomal.  A  Buooession  of  tibinut  {danea  and 
UHAb,  with  a  general  N.N.E.  trend,  repeats  the  onton^  of  the 
tiro  fonnatitms  and  giTes  rise  to  a  series  of  nqiid  altematiima 
Sorming  panUIel  bands,  each  as  are  seen  on  the  map  to  oooiqif 
thegroond  between  Ooolin  and  Stra&  Carron.      „_„„ 

The  atntotare  of  this  area  ie  described  in  Chapter  XXXVII. 

(2)   QoMoeh. 

The  tract  now  to  be  described  stretches  from  the  promontory 
of  Bndh'  Be  m  ihe  north  to  ^le  Shieldaig  Forest  cm  the  sonth. 
It  is  bounded  on  the  eaat  by  the  hollow  <»  Loch  Ifaree  and  the 
line  of  dislocation  which  runs  thence  north-westward  to  tie 
coast  about  Camstrolvaig.  By  far  the  greatest  portion  of  this 
large  area  is  occupied  by  the  Applecrosa  arkosea.  The  Diabaig 
group,  with  its  numerous  inliers  of  gneiss,  lies  in  a  broad  belt 
between  the  Shieldaig  Forest  and  Loch  Gairloch,  and  in  a 
narrower  strip  along  the  western  shore  of  the  lower  half  of  Loch 
Maree. 

(1)  Diabaig  Group, — Near  the  base  of  the  group,  in  this  area 
as  elserwhere,  coarse  conglomerates  or  breccias  containing  pieces 
of  hornblende-schist  and  Lewisian  gneiss  frequently  occur.  No 
sections  hare  been  noticed  in  which  thick  coarse  conglomerates 
overlie  shales,  but  occasional  conglomerates  may  be  observed 
which  seem  to  be  as  high  or  higher  in  the  series  than  some  shales 
or  fine  grits  elsewhere  visible.  As  already  shown,  the  con- 
glomerates or  breccias  must  be  regarded  as  the  local  base  of 
the  group,  but  this  base  varies  greatly  in  level  in  adjoining 
localities  owing  to  the  unevenness  of  the  underlying  surface  of 
gneiss.  The  breccias  and  conglomerates  have  been  derived  from 
the  waste  of  the  Lewisian  gneiss  and  its  igneous  rocks.  Some 
of  the  blocks  are  occasionally  four  feet  long,  and  one  example 
of  a  mass  of  acid  gneiss  four  or  five  yards  long  may  be  seen  in 
the  breccia  on  the  roadside  cast  of  the  Loch  Garbhaig  Bum, 
Occasionally  a  single  deposit  of  breccia  is  found  to  be  70  or  80 
feet  thick,  with  thin  intercalated  partings  of  sandstone. 

The  best  sections  of  the  Diabaig  shales  and  grits  are  found  at 
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the  southern  end  of  the  area  in  the  course  of  the  Abhuinn  Braigh 
Horrisdale,  a  mile  and  a  half  south-east  of  Loch  Bad  na  Sgalaig, 
and  in  the  bum  which  flows  out  of  Loch  Garbhaig  into  Loch 
Maree.  The  grits  are  distinguished  from  those  of  the  Applecross 
group  by  their  finer  grain,  greenish-grey  fracture,  and  bright 
red  or  orange  weathering.  The  larger  fragments  in  them  have 
been  derived  from  the  Lewisian  gneiss,  while  pieces  of  quartzite 
and  quartz-felsite,  such  as  are  abundant  in  the  overlying  group, 
are  rare.  The  grits  are  intercalated  with  sandy  shales,  most  of 
which  are  dark  grey,  but  some  purple,  pale-green,  or  red  in 
colour.  Thin  lenticular  lamince  of  grit  are  abundant  in  the 
shales.  Flakes  of  allothigenic  white  mica,  ripple-marks,  and 
narrow  veins  filled  with  sand  that  probably  represent  sun-cracks, 
are  also  common  in  the  shaly  beds.  Repeated  search  has  been 
made  in  these  sections  for  organic  remains,  but  hitherto  without 
success.  The  line  of  division  between  the  Diabaig  and  Apple- 
cross  groups  is  not  well  defined  in  this  area.  The  passage  beds, 
or  alternations  of  rocks  belonging  to  both  groups,  are  m  some 
places  of  considerable  thickness. 

It  has  been  noticed  that  close  to  certain  small  patches  of 
breccia  near  the  Gairloch  Established  Church  the  approximately 
vertical  foliation-planes  of  the  underlying  hornblende-schist 
become  very  nearly  flat,  being  bent  over  in  the  direction  of  the 
fall  of  the  ground.  Instances  of  a  somewhat  similar  change  of 
dip  of  the  Lewisian  rocks  close  to  steep  pre-Torridonian  surfaces 
are  not  uncommon  in  this  area,  but  have  not  been  noticed  away 
from  these  surfaces.  It  looks  as  if  the  planes  in  question  have 
been  bent  by  some  agent  that  acted  superficially  with  a  down- 
ward motion.  The  two  agents  which  first  suggest  themselves 
are  soil-cap  and  ice.  No  instance  of  recent  bending  by  soil-cap- 
motion  has  been  obsei-ved  among  the  Lewisian  rocks,  which  are 
generally  too  firm  and  sound  to  be  readily  affected  in  this  way. 
Bending  of  the  gneiss  planes,  attributable  to  pleistocene  or 
recent  ice-action,  occurs  on  the  flat  top  of  Beinn  a  Chaisgein 
M6r,  on  the  east  side  of  the  Fionn  Loch. 

The  line  separating  the  Diabaig  from  the  Applecross  group 
has  been  drawn  at  the  top  of  the  bright-red  flaggy  grits  which 
overlie  a  series  of  grey  and  red  gritty  shales  and  flagstones,  and 
are  succeeded  by  grits  coarser  in  grain  and  not  distinguishable 
from  typical  Applecross  grits.  Sections  of  the  upper  beds 
of  the  group  are  exposed  in  the  burn  ^-mile  south-east  of 
Badachro,  on  Loch  Gairloch.  In  a  burn  nearly  quarter  of  a 
mile  west  of  this  last-named  place,  the  sequence  of  strata  is  as 
follows :  — 

Massive  red  grit,  chiefly  fine-grained,        -             -             -  80  feet. 

Massive  fine  red  giit  with  thin  dark-grey  shaly  partings,  110 

Massive  fine-gi*ained  red  grit,  flaggy  partings,      -             -  32 

Dark  grey  sandy  shales,     -             -             -            -             -  10 

Fine-grained  red  grit,         -            -            -            -             -  2 

Dark  greyish-green  shales  and  bands  of  grey  and  red  grit,  12 
Fine  red  grits  with  inclusions  of  purple  shale,  and  purple 

shales,              -            -            -            -            -            -  40    ,, 
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Ib  the  atreua  oae  mila  itorth  of  the  foot  of  Locli  Liaiucamhuch  1 
tke  Diabaig  gnmp  is  well  slwwii,  aad  appears  tu  exceed  600  feet  I 


To  the  north-eaat  of  Loch  Oairloch,  in  the  tract  between  that 
inlet  and  Looh  Ewe,  the  Diabaig  group  is  reineBented  in  toofcui 
faacta  next  to  the  sarfaoe  of  gneiss  on  which  it  reata.  To  the 
north  of  the  nmd  fnnn  Qairloch  to  Poolewe  the  basal  con- 
gloaieratea  and  eandfltones  abnt  nearij  eveiyi^ere  against  the 
(M  Borfaoe  <d  gneiss  and  homUende-Kbut,  and,  as  in  other 
axeaa,  often  lie  in  hollowB  that  had  been  eroded  in  these  rooks 
befoie  Torridtmian  time.  A  remarkable  example  of  ibia  Idnd 
may  be  seen  around  Loch  an  Eilein  and  Ijooh  na  Coraich,  from 
two  to  three  nules  west  of  Foolewe.  These  lochs  lie  almbet 
ontiTdy  in  Torridon  Sandstone,  and  are  ncarW  eveiTwhece  sht- 
Touided  hj  hi|^er  ground  formed  of  gneiss.  The  hollows  which 
they  oaaapy  must  have  existed  before  the  sandstones  woe  laid 
down  (P  Tocfc-baaias).  The  low  dip  of  the  beds  here  may  be 
mrtly  due  to  deposition  on  gentle  slopes.  East  of  Loohan  naaa 
xhnac  the  congwmerate  and  sandstone  rise  into  a  fine  eeoaip- 
m«tt,  but  do  not  form  an  outlier,  since  they  are  ctHinected  with 
thegeneral  mass. 

Northward  from  the  Gairloch  Hotel,  above  the  fine  exposure 
of  basal  conglomerate  thwe  to  be  seen,  thick  red  sandstones 
supervene,  having  coarse  bands  in  places,  and  dipping  to  the 
west  at  about  10°.  In  Strath  Bay  a  coarse  sandstone  is  visible, 
followed  to  the  west  of  the  main  stream  by  a  band  a  few  feet 
thick  of  dark-grey  argillaceoos  sandstone,  which  is  the  only 
band  exposed  along  this  shore  that  at  all  resembles  the  typical 
Diabaig  group.  All  the  strata  of  the  continuous  section  towards 
the  west  belong  presumably  to  the  arkose  or  Applecross  group. 
In  the  course  of  the  River  Sand,  east  of  the  large  mass  of  diorite 
that  forms  the  hill  Meall  Glac  ua  Saraich,  and  apparently  a  long 
way  up  in  the  arkose  group,  certain  strata  have  been  met  with 
which  pre-sent  many  of  the  characters  of  the  Diabaig  group. 
They  he,  however,  near  the  local  base.  Their  lowest  visible 
beds  consist  of  alternations  of  massive  and  Saggy  sandstones, 
dipping  northwards,  succeeded  upwards  by  grey  tiles  and  shales, 
massive  red  sandstone,  and  about  150  feet  of  grey  shales  passing 
under  massive  red  sandstone. 

In  the  centre  of  the  peninsula  west  of  Inverasdale  the  basal 
beds  are  well  exposed  about  Bae  and  Leth-Choin.  A  great  depth 
of  gneisB-conglomerate  with  bands  of  red  sandstone  is  there 
succeeded  by  coarse  red  sandstone  with  bands  of  conglomerate. 
As  for  more  than  half  a  mile  the  dip  is  north-westwards  at  15°- 
20°,  rising  among  the  higher  bed«  to  30°  or  more,  the  thickness 
of  strata  there  exposed  must  be  about  1000  feet. 

The  red  rocks  visible  at  the  Rudh  Re  probably  belong  to  the 
basal  group,  though  the  gneiss  is  nowhere  visible.  At  the 
northern  extremity  of  the  peninsula  the  sandstone  is  fine-grained, 
well  bedded,  and  much  of  it  almost  flaggy.  The  same  kind  of 
sandstone,  undulating  eastwards  to  Camas  Mor,  is  covered  un- 
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conformably  by  several  Triassic  outliers.  It«  successive  synclines 
and  anticlines  can  be  followed  for  a  long  distance  south  of  the 
fault  which  bounds  the  largest  Secondary  outlier. 

(2)  Applecross  Group. — As  already  stated,  this  sub-division  of 
the  Torridonian  formation  covers  the  larger  part  of  the  district. 
On  the  north  side  of  Loch  Gairloch  to  the  west  of  Strath  Bay 
a  fairly  continuous  section  of  the  arkoses,  with  a  steady  dip 
between  W.N.W.  and  north-west,  can  be  followed  as  far  as 
Altgreshan,  a  distance  of  six  miles  across  the  strike  in  a  straight 
line.  The  angle  of  inclination  varies  from  about  10°  in  the 
lowest  beds  to  15^  or  20^  higher  up  in  the  series.  Probably  this 
coast-line  exposes  not  less  than  some  6000  or  7000  feet  of  the 
arkose  group.  It  is  true  that  a  gap  in  the  continuity  of  the 
shore-section  occurs  at  Big  Sand,  where  the  Torridonian  rocks 
are  concealed  under  unconformable  Secondary  rocks,  but  other 
exposures  inland  along  the  strike  and  also  in  Lon^a  Island 
opposite  serve  to  supply  the  missing  portions  of  the  series. 
Throughout  this  thick  succession  of  strata  the  arkose  displays 
its  usual  characters.  Its  normal  coarse  pebbly  texture  is  varied 
north  of  Port  Erradale  by  the  intercalation  of  bands  and  partings 
of  red  shale. 

Further  north  in  the  peninsula  the  same  type  of  strata  spreads 
over  the  ground,  which  is  for  the  most  part  covered  with  peat. 
The  characteristic  arkoses  appear  in  the  low-lying  tract  to  the 
north-west  of  Inverasdale  and  east  of  Loch  an  Drainc.  Thev 
are  a  continuation  of  the  strata  seen  on  the  other  side  of  Loch 
Ewe,  about  Mellon  Charles,  and  at  the  north  end  of  Isle  of  Ewe. 
As  there  is  a  steady  easterly  dip  averaging  about  20°  across  a 
breadth  of  about  three  miles,  the  thickness  of  rock  here  must 
amount  to  5000  feet  without  a  visible  base  or  top. 

South  of  Loch  Gairloch,  where  the  Applecross  group  is  again 
well  displayed,  the  best  sections  are  to  be  seen  on  the  southern 
coast-line  of  the  loch  between  Badachro  and  Openham,  and 
inland  in  the  cliffs  of  Bus-bheinn  and  Beinn  an  Eoin,  which  rise 
between  Loch  a'  Ghobhainn  and  Loch  Maree.  The  grits 
exposed  in  these  sections  are  composed  of  fragments  of  quartz — 
often  opalescent — or  of  pink  felspar,  varying  in  size  from  a 
mustard-seed  to  a  small  pea.  With  them  are  large  pebbles  of 
quartzite,  jasper,  quartz-felsite,  and  other  unfoliated  igneous 
rocks. 

The  minor  laminae  in  the  false-bedded  bands  are  often  curved 
into  a  vertical  or  reversed  position,  their  upper  edges  being  cut 
ofE  abruptly  by  the  overlying  grit,  and  sometimes  they  assume 
other  more  complicated  forms.  They  do  not  represent  mere 
lines  of  staining,  but  differ  in  grain  as  well  as  in  colour.  A 
good  example  of  this  peculiar  structure  may  be  seen  on  the  coast 
about  a  mile  and  a  half  east  of  the  Red  Point.  The  pebbles  in 
the  curved  lamince  often  lie  with  their  long  axes  parallel  to  the 
sides  of  the  laminse,  even  where  these  are  vertical.* 

♦  This  curved  lamination  in  the  Torridon  Sandstone  was  noticed  by  Sir 
Archibald  Geikie,  who  gave  a  sketch  of  an  example  of  it  from  Gairloch  in  his 
Textbook  of  Geology  (1882),  p.  479. 
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The  original  mchnatioo  of  the  false-bedding,   observed   in 

vanous  places  in  this  area,  seems  to  be  generally  in  an  easterly 

or  south-easterly  direction, 

as    can   be    seen    at    such 

widely- separated    localities 

as   Sron    a'   Mhuilt   (south 

side  of  Loch  Gairloch),  An 

Tarbh  (on  the  coast  three 

and  a  half  miles  south   of 

Fra  13  —Portion  of  vertical  face  of  Tom      Loch  Gairloch),  and  the  foot 

don  Sandstone  (ApplecroBH  Group)  with    of  the  bum  flowing  out  of 

Uminffi  iD  qurvBB.     Coast  about  a  mile    Loch      a'     Bhaid     Fheama 

i'STLi'htJK.'""''  '""    ('h™  ■"""  S.S.E.  of  «ai. 

loch). 
The  grits  of  thia  group,  here  as  in  some  other  districts,  are 
occasionally  so  much  dismtegrated  as  to  give  rise  to  accumula- 
tions of  blown  sand.  •  This  feature  can  be  seen  on  the  north- 
eastern side  of  Beinn  Bhreac,  where  a  considerable  deposit  of 
blown  sand  has  been  derived  from  the  waste  of  the  grits  on  the 
south-west  side  of  the  hill. 

On  the  west  side  of  Badachro  Bay  a  aeries  of  purjile  grits  has 
been  laid  bare,  which  enclose  lenticles  of  purplish  shale  ranging 
up  to  three  feet  in  length,  and  stripes  of  ahale,  succeeded  below 
by  fine  grits,  the  bedding-planes  of  which  show  parallel  rod- 
like marks,  five  inches  long,  stained  with  htematite.  These 
strata  probably  lie  near  t£e  base  of  the  Applecrosa  group. 
Similar  grits  with  shale-lenticles  are  seen  on  the  west  eide  of 
Eilean  Horrisdale,  and  on  the  coast  one-third  of  a  mile  south- 
west of  Fraoch -Eilean  (south  aide  of  Loch  Gairloch).  On  the 
first-named  islet  violent  false-bedding  and  irregular  juucUons 
of  fine  and  coarse-grained  grits  are  exposed.  The  surfaces  of  the 
finer  grits  sometimes  weather  in  irregular  hollows,  and  show 
rhomboidal  or  polygonal  forma,  probably  due  to  contraction  in 
drying.  Examples  of  these  features  are  to  be  seen  near  Sron 
nan  Gabhar  and  Badantional  on  the  coast  between  Eilean  Horris- 
dale and  Sron  a'  Mhiiilt  (on  the  south  side  of  Loch  Gairloch), 
a  mile  east  of  Sgeir  Ghlas,  half  a  mile  south-west  of  the  top  of 
Meall  na  h'Uamha  (between  five  and  six  miles  south  of  Loch 
Gairloch),  and  at  varioiia  other  places,  Baiid.s  of  clayey  shale 
of  various  colours,  varj'ing  from  mere  partings  to  beds  one  foot 
in  thickneaa,  are  intercaJated  with  the  grits  at  Badantional, 
and  at  a  jwint  a  mile  and  a  half  N.A^.W,  of  the  foot 
of  Loch  na  h-Oidhche  (.ibout  three  miles  south  of  Slatt-adale),  near 
the  ba.'fe  of  the  Applecross  group.  A  bed  of  hrirk- 
red  micaceous  sandstone  three  feet  thick  occurs  in  the 
coarse  griti  a  mile  and  a  quarter  S.S.E.  of  the  foot  of 
Loch  a'  Bhealaich  (about  five  miles  R.S.W,  of  SI  at  to  dale),  and 
gives  rise  to  a  green  ledge.  Similar  ledge-forming  bands  of  red 
and  yellow  sandstone  and  shaly  grit  are  seen  on  the  slopes  of 
Beinn  Bhreac  and  Bus-hheinn. 

In  the  account  given  in  Chapter  XVI.  of  the  petrography  of 
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the  Torridonian  formation,  reference  iras  made  to  tlie  scarcity 
or  absence  of  pebbles  of  the  Lewisian  gneiss  from  all  parts  of 
the  formation  save  the  lower  members,  and,  on  the  other  hand, 
to  the  presence  of  fragments  of  rock  for  which  no  known  source 
has  yet  been  found.  Percentages  of  the  varying  rocks  repre- 
sented among  the  pebbles  in  the  Applecross  group  in  the  southern 
half  of  the  Oairloch  district  were  tajien,  anu  these  are  illustrated 
in  the  following  table.  The  pebbles,  one  inch  and  upwards  in 
length,  were  collected  from  certain  spots,  a,  b,  e,  a,  e,  each 
about  a  square  yard  in  extent,  in  an  exposure  of  coarse  purplish 
grit:  — 

Table  of  percentage  of  different  rocks  in  the  coarse  grit  150  yards 
N.N.W.  from  the  top  of  Meall  na  h'  Uamha,  5^  .miles  south 
from  Loch  Gairloch. 


"■ 

^ 

t. 

d. 

f. 

Total 

of  whole 
Collootion. 

Vein  quftrti,  often  redileiied. 

U 

15 

IS 

\4 

9 

70 

40-2 

Unahoareil     igneoUH    rockit,    cliiefly 
qiiartB    fofsite    and    red   felnpnr 

porphyry, 

11 

8 

Q 

Id 

9 

47 

27 

QuartnQse      Lcwisian    gnciaa,    an<i 

qoBrtwiaeschist  with  some  felBper 

and  niioa,  .            -            .            - 

5 

S 

6 

2 

B 

24 

138 

Jasper-iike   rucka,  red,  yellow,  and 

4 

2 

4 

3 

5 

18 

10-3 

Quartaite,  generally  of  a  pale  rod  or 

yellow  colour. 

4 

4 

4 

1 

2 

IS 

8-6 

Reference  has  already  been  made  to  the  occurrence  of  veins  of 
Torridonian  sediment  that  have  filled  up  cracks  and  crevices  in 
the  underlying  gneiss.  But  in  the  Gairloch  district  the  Torri- 
donian strata  themselves  have  been  found  to  be  traversed  by 
veins  of  sandstone.  Near  Gairloch  several  "sand  dykes"  cut 
nearly  vertically  through  Torridon  grits.  The  trend  of  these 
dykes  varies  between  N.N.E.  and  E.N.E.,  a  direction  which  is 
also  shared  by  some  of  those  in  the  Lewisian  gneiss,  nearly  on 
the  strike  of  the  moat  conspicuous  of  which  these  Torridonian 
dykes  are  found.  Sand-dykes  are  seen  in  the  coarse  grit  at  the 
base  of  the  Diahaig  series  in  or  near  the  bum  three-quarters  of  a 
mile  and  again  five-eighths  of  a  mile  north-west  of  the  mouth  of 
Lochan  Uruim-na-Fearna,  At  the  first-named  place  only  one 
dyke,  about  eight  inches  thick,  was  observed.  At  the  second 
several  dykes  can  be  seen,  some  of  them  a  foot  broad,  and  they 
project  beyond  the  surface  of  the  gcit,  which  they  cut.  They 
contain  some  large  pieces,  which  may  have  been  derived  from 
Torridon  grit,  but  in  most  parts  they  are  finer  in  grain  and 
redder  than  (he  Torridon  grit  at  their  sides. 

By  far  the  heat  examples,  however,  are  two  which  appear  350 
yards  apart,  rather  more  than  two  miles  south-east  of  the  Red 
Point.      Standing  out  on  the  coast  like  igneous  dykes,  they 
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irayene  ffrits  whicli  probably  lie  at  least  3000  feet  aboye  the 
base  of  the  Ajppleoross  group.  One  of  them,  about  six  yards 
wide,  has  distinct  and  straight  sides  from  the  top  to  the  bottom 
{i£  the  xtx^-section,  which  is  about  50  feet  high,  and  they  incline 
towiurds  the  south-east  at  about  75^.  No  distinct  bedding 
can  be  detected  in  the  dyke,  though  at  one  place  there  seems 
an  obscure  stratification  which  dips  steeply  to  noith-east.  The  grits 
which  the  dyke  cuts  are  inclined  towards  north-west  at  about 
16^,  are  rather  coarser  grained  than  the  dyke-rock,  and  in 
some  bands  contain  many  pebbles  about  half  an  inch  long.  In 
the  dyke,  on  the  other  hand,  the  la;i^r  pieces  do  not  usually 
exceed  l-12th  of  an  inch  in  length.  The  middle  of  the  dyke  is  ir- 
regularly jointed,  but  the  marginal  portions  are  crossed  by  some 
rather  close  joints  which  are  parallel  to  the  eides.  The  other 
dyke,  which  lies  further  to  the  north-west,  is  also  about  six 
yards  wide,  and  is  seen  from  top  to  bottom  of  a  cliff  about  70 
feet  high.  It  is  finer  grained  than  the  grits  which  it  cuts,  and 
it  presents  joints  which  are  parallel  to  the  side  both  in  the 
marginal  portions  of  the  dyke  and  in  the  grit  near  it. 

(3)  AppUeroes. 

In  no  part  of  its  course  along  the  coast  of  the  North- West 
Highlands  is  the  central  diyision  of  the  Torridon  Sandstone 
more  impressiyely  deyeloped  than  in  the  parish  of  Applecross. 
The  area  forms  a  peninsula  extending  from  Loch  Torridon  to 
the  mouth  of  Loch  Carron,  and  bounded  on  the  east  by  the 
hollow  in  which  the  road  runs  from  Shieldaig  to  Loch  Kishorn. 
It  is  divided  into  two  unequal  portions  by  the  valley  of  the 
Applecross  River,  which  coincides  with  one  of  the  leading  dis- 
locations of  the  district.  This  fault  is  prolonged  in  a  north- 
easterly direction  across  the  water-shed,  and  has  given  rise  to 
the  valley  of  the  Allt  an  t*  Strathain,  which  descends  into  Loch 
Shieldaig.  Each  of  these  tracts  has  its  own  peculiarities  of 
topography.  That  to  the  north  stretches  as  a  rocky  expanse  of 
Torridon  Sandstone,  which,  rising  steeply  from  the  Applecross 
valley  to  a  height  of  more  than  2000  feet,  falls  gradually  towards 
the  north  and  west. 

The  southern  tract  presents  one  of  the  most  striking  scenes 
to  be  found  in  any  portion  of  the  region.  From  the  alluvial 
flats  of  the  Kishorn  River  and  the  northern  shore  of  Loch  Kishorn 
the  ground  rises  steeply  into  a  high  plateau,  of  which  the  chief 
heights  are  Beinn  Bhan  (2936  feet),  Sgorr-na-Caorach  (2589  feet) , 
and  Meall  Gorm  (2325  feet).  Though  there  is  evidence  to  prove 
that  even  the  highest  summits  were  overtopped  by  the  ice  during 
the  great  glaciation,  still  the  plateau  is  singularly  bare  of  drift. 
Hence  it  presents  in  a  striking  form  those  physical  features 
which  are  so  characteristic  of  this  formation.  Wliere  the 
streams  have  cut  backwards  into  the  mountainous  tableland — 
as,  for  instance,  Allt  Coire  Attadale,  Allt  na  Fhraoich,  and  Allt 
na  Chumhaing — ^the  valleys  are  bounded  by  mural  escarpments 
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eeveral  hundred  feet  high.  Where  side  streams  have  trenched 
these  walls  of  sandstone,  giant  buttresses  have  been  formed,  as 
on  the  eastern  sides  of  Sgorr  na  Caorach  and  Beinn  Bhan.  As 
already  mentioned,  these  lateral  spurs,  intersected  by  deep  clefts, 
due  to  lines  of  joint,  to  faidts,  or  to  the  decomposition  of  intru- 
sive dykes,  and  weathering  into  lofty  pinnacles,  represent  early 
stages  of  erosion  in  the  development  of  such  isolated  ridges  of 
Torridon  Sandstone  as  Stack  Polly,  north  of  Loch  Broom.  On 
the  east  side  of  Beinn  Bhan,  one  of  these  ridges  (An  Poite)  has 
been  partially  severed  from  the  lofty  plateau,  with  which  it  is  now 
connected  only  by  a  high  col.  Still  another  familiar  feature  of 
the  topography  of  the  Torridon  Sandstone,  which  has  been 
alluded  to  in  the  foregoing  chapters,  is  admirably  displayed  by 
the  mountains  of  Applecross.  Owing  to  the  gentle  inclmation 
of  the  strata  the  hill-slopes  have  a  terraced  aspect,  determined  by 
the  outcrops  of  harder  ribs  of  sandstone.  These  regular  terraced 
features  are  equally  conspicuous  when  seen  from  a  distance,  as 
from  the  hills  east  of  Loch  Kishorn,  or  from  the  crest  of  the 
plateau  looking  eastwards  from  Creag  Gorm  to  Cam  Dearg  and 
Sgorr  na  Caorach.  (See  Plates  III.  and  XXXII.)  'V\Tiere, 
however,  the  dip  of  the  strata  is  greater  than  the  slope  of  the 
ground,  as  along  the  western  portion  of  the  Applecross  peninsula 
between  Loch  Toscaig  and  Allt  Mor,  and  to  the  north  of  the 
Applecross  River,  the  contour  is  irregular.  The  successive  out- 
crops of  sandstone  then  form  parallel  ridges  of  rock  with  inter- 
vening hollows,  which  have  been  largely  modified  by  glacial 
action. 

Reference  has  already  been  made  (p.  326)  to  the  hills  of 
gneiss  which  rise  through  the  Torridon  Sandstone  on  the  south 
side  of  Loch  Torridon,  and  on  the  flanks  and  hollows  of  which 
the  lowest  members  of  the  formation  are  here  and  there  exposed. 
These  basal  strata  can  be  6een  at  many  places  along  the  gneiss 
margin  between  Croic  Bheinn  on  the  south  and  Arrin-a- 
chruinach  on  the  north,  and  between  Croic  Bheinn  and 
Inbhirban  on  the  north-east.  This  area  afiEords  another  strik- 
ing instance  of  the  extreme  irregularity  of  the  surface  of  the 
Lewisian  gneiss  upon  which  the  Torridon  sediments  were 
deposited.  Along  more  than  two  miles  of  the  junction  line  north- 
wards from  Loch  Gaineamhach  (Sandy  Loch)  strata  more  than 
1000  feet  up  in  the  Applecross  group  are  in  contact  with  the 
gneiss.  Although,  as  already  mentioned  (p.  326),  the  Diabaig 
group  appears  near  Ardheshlaig  and  round  the  shores  of  Loch 
Creagach  (Craggy  Loch) ,  on  the  Loch  Torridon  side  of  the  ridge, 
nevertheless  further  inland  bed  after  bed  of  the  Applecross 
arkoses  is  seen  to  strike  at  and  to  abut  against  the  gneiss  of  the 
old  mountain-system,  the  dip  of  these  strata  being  persistently 
towards  the  west.  This  structure  is  illustrated  in  Fig.  14,  from 
which  it  will  be  seen  that  the  arkoses  overlap  the  Diabaig  group 
and,  resting  immediately  on  the  gneiss,  attain  a  great  develop- 
ment towards  the  west.  This  section  and  the  map  (Sheet  81) 
likewise  furnish  further  proof  that  some  of  the  present  hollows 
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on  tlM  gnein  nii&oe  an  older  Haa. 

d    the  time  of  tbe  TnricUnium  ndiinenti 

•S     which  were  depoeited  la  them,  and 

«    have  not  yet  beui  evetywhere  lemoved 

%    from  them  hy  denndaSion.    titxa,  <m 

j     the  ewtem  nde  of  tiie  gneies  ridge 

.    which  eztenda  bom  Arrin-a-diniinadi 

■oathwuda  to  OnSo  Bhtinn,  nuny  of 

these  auoienb  VBlleyB  may  be  seen  etill 

tdiblud  up  with  the  angalar  debris  of 

tTorridonun  time.    Exuaplee  of  them 
are  well  displayed  ronnd  the  shores  of 
.     Ijooh  a  Cmre  Boidhe,  in  the  hdlows  of 
g     Beinn  Tire,  at  Ardhealilaig,  and  in  the 
J    lower  coarse  of  the  bibhirbnn  Biver. 
j;    It  is  wtxthy  of  note  that  the  higlrar  up 
^    the  slopes  ct  these  old  monntsins  the 
g'     strata  are  followed  Uie   leas  breooia 
appears  in  them  at  their  junotiOtt  with 
the  gneiss;  indeed,  it  u  often  quite 
absent,  the  red  sandstones  being  then 
I"    foond  immediately  resting  on  the  older 
J    rooks.    13iia  fisatue  is  specially  notioe- 
M    ^eaUmgfche  western  line  of  contact, 
T    BB  may  be  seen  between  tite  northehi 
9    bays  d  Lochs  Gaineamhach  and  CelS- 
'  .    P*^  i^^  ^  ^^B    north  of  Loch  a 
m     Bhealach  (Loch  of  the  Pass). 

With  the  exception  of  these  eastern 
tracts,  where  the  old  gneisB  ridge  has 
^     been  once  more  exposed  hy  denudation, 
*£!,    together  with  ita  partial  relics  of  the 
g     Diabaig  group,  the  wholeof  the  northern 
■|     portion  of  Applecroea  is  covered  by  the 
J     central  group  of  the  Torridon  forma- 
'£     tion.      This   group    consists    here   as 
^     elsewhere  chiefly  of  reddish  or  purplish 
t     coarse  arkose,  with  a  few  intercalations 
_     of  red  or  green  mudstone  and  shale. 
a     The    arkoses    include  scattered   well- 
rounded  pebbles,  which  are  sometimes 
aggregated  into  thin  beds  of  conglom- 
erate.   As  a  rule,  these  pebbles  rarely 
.|     reach  a  diameter  of  two  inches.     They 
J     consist  of  quartzite,  quartz -schist,  fel- 
d     nitic  rocks  Bometimea  showing  fluxion 
■i     banding,   and    spherulitic    structures, 
J     jasper,  green  slaty  rock,  vein-quartz. 
t-*     and,  more  rarely,  fragments  like  the 
<     Lowisian  i-ocks  of  the  mainland.     (See 
Chapter  XVI.  for  an  account  of  the 
petrography  of  these  fragments.) 
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The  structure  of  the  northern  part  of  Applecross  is  of  the 
simplest  kind.  (See  Fig.  14.)  As  the  strata  dip  on  the  whole 
steadily  towards  the  west  at  angles  varying  from  15^-25^,  the 
thickness  of  the  arkoses  must  here  amount  to  not  less  than  6000 
feet.  The  only  marked  feature  that  sometimes  relieves  the 
monotonous  simplicity  of  the  area  is  to  be  found  in  the  occur- 
rence, both  in  the  gneiss  and  among  the  Torridonian  rocks,  of 
two  systems  of  igneous  dykes — an  older  set  of  mica-traps  and 
lamprophyres  with  an  east  and  west  trend,  and  a  newer  series  of 
Tertiary  basalt,  which  runs  north  and  south.  Both  systems  of 
intrusions  bleach  and  alter  the  rocks  along  their  margins,  but  no 
other  special  modification  was  observed  in  this  area.  Besides  the 
great  fault  already  mentioned  as  traversing  Applecross  from 
north-east  to  south-west,  and  throwing  down  the  Secondary 
rocks  to  the  south  with  a  displacement  of  more  than  1000  feet,  a 
number  of  minor  faults  exist,  of  which  a  considerable  proportion 
have  given  rise  to  distinctive  surface  features.  The  rocks  along 
their  course  and  that  of  the  dykes  have  weathered  more  rapidly 
than  those  at  a  distance  from  them.  The  chief  topograpnical 
details  of  the  ground,  however,  are  produced  by  the  massive  beds 
of  the  arkose,  which,  dipping  towards  the  coast-line,  give  rise 
to  sharp  escarpments  facing  eastwards  and  to  long  dip-slopes  that 
sink  towards  the  west.  The  coast-line,  unlike  mucn  of  that  in 
the  Torridon  ground  to  the  north,  is  comparatively  low  and  tame. 
It  shows  two  rock-shelves  (seter)  marking  the  100  feet  and  50 
feet  beaches  of  the  west  coast.  All  the  rock  features  have  been 
more  or  less  modified  by  glaciation. 

Though  the  eouthem  division  of  Applecross  presents  a  bolder 
and  loftier  series  of  landscapes,  its  geological  features  are  on  the 
whole  a  repetition  of  those  in  the  northern  area  just  described, 
with  the  omission  of  the  gneiss  protuberances  and  the  scanty 
patches  of  the  Diabaig  group.  The  Torridon  Sandstone  is  admir- 
ably developed,  but  it  is  represented  mainly  by  the  central  group 
of  the  formation.  The  arkoses  stretch  from  the  Kishom  valley 
across  the  lofty  plateau  to  the  Toscaig  River  and  Allt  Mor,  east 
of  Applecross  village,  where  finer  sediments  supervene,  which 
probably  belong  to  the  highest  division  of  the  formation.  The 
general  dip  of  the  strata  is  westerly  or  a  few  degrees  to  the  north 
or  south  of  that  point,  and  the  average  angle  varies  from  10^  to 
12°.  The  sequence  between  Kishom  and  the  western  shore  south 
of  Applecross  village  is  interrupted  by  a  few  minor  faults,  which, 
however,  increase  in  number  to  the  south-east  of  Loch  Toscaig, 
in  the  direction  of  Uags  and  Airidh-drishaig,  where  the  angles 
vary  from  15°  to  20°. 

The  arkoses  present  in  this  area  their  usual  aspect  of  massive 
false-bedded  grits  with  scattered  pebbles,  which,  m  places,  alter- 
nate with  fine-grained  false-bedded  sandstones  and  bands  of  shale. 
The  scattered  pebbles  in  the  arkoses  may  be  seen  in  abundance  on 
the  hill-slope  north-east  of  Uags — ^the  extreme  southern  point  of 
Applecross — where  they  consist  of  felsite,  jasper,  quartz,  fine- 
grained purple  quartzite,  and  other  materials.     The  thin  bands 
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of  shale  occasionally  associated  with  the  group  may  be  illus- 
strated  by  an  example  exposed  on  the  crest  of  the  plateau  at 
Creag  Ghorm  by  the  side  of  the  road  leading  to  Applecross,  where 
about  six  feet  of  green  shaly  mudstones  and  dark  micaceous 
shales  are  associated  with  false-bedded  grits.  Another  band, 
about  two  feet  thick,  has  been  traced  along  the  edge  of  the 
eastern  escarpment  of  Carn  Dearg  and  round  the  head  of  the 
corrie  of  AUt  na  Fhraoich  that  drains  the  col  between  Cam 
Dearg  and  Sgorr  na  Caorach. 

The  fine-grained  sediments,  which  probably  belong  to  the 
highest  or  Altbea  group  of  the  Torridon  Sandstone,  are  well 
exposed  on  the  shores  of  Loch  Toscaig,  and  in  the  Toscaig  River 
for  about  a  mile  to  the  east  of  the  hamlet  of  that  name ;  thence 
they  extend  northwards  by  Cam  nan  Uaighean  (1190  feet)  and 
An  Glastulach  (886  feet)  towards  the  village  of  Applecross, 
where  they  are  covered  unconformably  by  Triassic  and  Jurassic 
strata,  llie  dominant  members  of  this  series  of  strata  are  fine- 
grained, brick-red,  false-bedded  sandstones,  sandv  flags,  and 
micaceous  shales,  which  are  occasionally  associatea  with  coarse 
grits,  tlie  whole  dipping  westwards  at  angles  varying  from  10° 
to  20^.  But  even  to  the  west  of  these  fine-grained  sediments, 
coarse  pebbly  grits  supervene  on  the  shore  about  half  a  mile  to 
the  south  of  Milton  of  Applecross  (where  the  pebbles  measure 
about  an  inch  across),  and  on  Airdhubh,  a  promontory  east  of 
Eilean-nan-  Naomh . 

A  section  drawn  from  the  Kishorn  valley  westwards  by  Beinn 
Bhan,  Sgorr  na  Caorach,  and  Creag  Ghorm  to  the  margin  of  the 
Triassic  rocks  at  Applecross,  gives  a  thickness  of  about  7000  feet 
for  the  Torridon  Sandstone  in  the  southern  part  of  the  peninsula, 
of  which  the  fine-grained  sediments  north  of  Loch  Toscaig  amount 
probably  to  about  1000  feet. 

Igneous  intrusions  similar  to  those  in  the  northern  part  of  the 
area  appear  also  in  the  southern  portion.  Thus,  several  basalt 
dykes  trending  N.N.E.  and  north-west  traverse  the  highest  part 
of  the  plateau  between  Meal  Gorm  and  Beinn  Bhan  and  the 
western  area  between  Airidh-drishaig  and  Camasterach.  A  few 
thin  sills  of  the  same  material  are  associated  with  the  sandstones 
on  the  shore,  about  a  mile  and  a  half  south  of  the  village  of 
Applecross.  Several  dykes  of  mica-trap  and  qiiartz-felsite  also 
occur,  as  shown  upon  the  map.  The  only  exceptional  feature 
among  the  igneous  rocks  of  Southern  Applecross  is  the  occurrence 
of  two  small  necks,  probably  of  Tertiary  a<^o,  which  pierce  the 
sandstone  plateau,  about  the  level  of  1000  feet,  in  the  valley  of 
the  River  Toscaig,  four  miles  S.S.E.  of  Applecross  village. 

Southern  Applecross  lies  between  two  powerful  lines  of  dis- 
location. Its  north-western  margin  is  defined  by  the  great 
fault  already  mentioned  as  continuous  across  the  peninsula 
to  Loch  Shieldaig.  On  its  south-eastern  side  also  it  is  bounded 
by  another  important  line  of  fracture,  which  runs  along  the  north- 
western side  of  Loch  Kishorn  and  inland  up  the  Kishorn  valley. 
Besides  these  dominant  dislocations  various  faults  are  traceable 
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through  the  area,  but  owing  to  the  uniform  character  of  the 
strata  it  is  difficult  to  estimate  the  amount  of  their  displacement. 
Along  the  south  shore,  near  Airidh-drishaig,  branches  of  the 
great  Kishorn  fault,  with  a  downthrow  to  the  south-east,  have 
been  traced  for  some  distance ;  one  strikes  the  shore  about  a  mile 
east  of  Airidh-drishaig,  and  can  be  followed  westwards  by  Loch 
Airidh  Alasdair  to  the  coast-line  north  of  Uags,  while  another 
occurs  between  Airidh-drishaig  and  Uags. 

(4)  The  Crmvlin  Isles, 

This  little  group  of  three  islands  lies  a  mile  and  a  half  off  the 
south-west  point  of  Applecross.  Their  combined  area  amounts 
to  a  little  more  than  a  square  mile.  They  are  formed  of  a  series 
of  hard  sandstones  and  shales  belonging  to  the  uppermost  or 
Altbea  group  of  the  Torridon  formation,  traversed  by  a  network 
of  later  igneous  intrusions  chiefly  in  the  form  of  basalt  dykes  of 
Tertiary  age.  The  sandstones  are  reddish  and  grey  in  colour, 
fine-grained,  compact,  and  hard  in  texture.  In  composition 
they  are  fine-grained  arkoses,  in  which  the  felspar  grains  are 
remarkably  fresh.  They  are  divided  into  massive  beds  from  two 
or  three  feet  up  even  to  twenty  feet  in  thickness.  Their  finer 
lamination,  indicating  false-bedding,  affords  a  good  instance  of 
the  complicated  structure  ah'eady  referred  to,  as  it  is  singularly 
convoluted.  These  massive  beds  may  succeed  each  other  without 
any  parting  of  other  material,  but  a  thin  layer  of  green,  red,  or 
grey  micaceous  flagstone  or  shale  not  infrequently  intervenes 
between  them.  Such  layers  of  shale  occasionally  reach  a  thick- 
ness of  from  14-20  feet,  and  they  here  and  there  show  evidence 
of  having  been  locally  eroded  before  the  deposition  of  the  over- 
lying sandstone.  It  is  not  uncommon,  therefore,  to  find  more  or 
less  rounded  galls  of  shale  in  the  sandstones.  As  the  dip  of  the 
strata  through  the  islands  is  towards  the  N.N.W.  at  an  average 
angle  of  about  15^,  the  thickness  of  the  strata  here  exposed  must 
amount  to  above  2000  feet. 

The  sandstones  are  much  affected  by  two  systems  of  joints 
which  run,  approximately,  the  one  set  N.N.W.  and  S.S.E.  and 
the  other  east  and  west.  Some  of  these  joints  are  accompanied 
by  faults,  none  of  which,  however,  appear  to  be  of  much  import- 
ance, except  one,  which,  running  near  to  and  parallel  with  the 
southern  shore  of  Eilean  M6r,  is  in  all  probability  the  extension 
of  a  fault  on  the  opposite  mainland,  already  alluded  to  as  a 
branch  of  the  great  Kishorn  fault.  The  fault  on  Eilean  M6r  is 
accompanied  by  several  minor  dislocations,  which  have  given  rise 
to  much  brecciation  of  the  strata  along  their  course.  The  rocks 
are  here  traversed  by  a  network  of  joints  and  smaller  faults, 
many  of  which  have  served  as  fissures  for  the  uprise  of  igneous 
material  now  found  in  the  form  of  dykes.  Two  sets  of 
such  intrusions  can  be  distinguished.  On  the  east  shore  of 
Eilean  M6r,  immediately  to  the  east  of  the  only  dwelling-house 
on  the  island,  an  east  and  west  dyke  of  pink  quartz-felsit^  is  seen 
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to  be  cut  by  a  north  and  south  dyke  of  basalt.  The  former  pro- 
bably belongs  to  the  older  series  found  in  Applecross,  of  which 
the  age  is  doubtful ;  but  the  basalt  dyke  is  no  doubt  one  of  the 
abundant  Tertiary  series.  The  Torridonian  rocks  are  much 
bleached,  hardened,  and  even  vitrified  in  places  where  in  contact 
with  these  basalt  dykes.  The  joints,  faults,  and  dykee  give  rise 
to  narrow  gullies  around  the  coast  and  to  trench-like  hollows 
across  the  interior  of  the  islands.  The  contours  of  all  the  islands 
have  been  smoothed  and  rounded  by  glaciation,  and  raised 
beaches  are  found  at  the  heads  of  all  the  little  creeks  and  inlets. 

(5)  Baasay. 

The  Torridonian  strata  in  this  island  occupy  a  small  area  south 
of  Manish  Point,  about  six  square  miles  in  extent,  lying  between 
the  Lewisian  gneiss  of  the  extreme  northern  part  of  the  island 
and  the  Jurassic  tract  of  the  south.  They  likewise  form  the 
Eilean  Fladday  and  the  islet  of  Griana-sgeir.  In  general 
character  they  agree  with  their  equivalents  on  the  mainland. 
They  include  portions  of  the  two  lowest  groups  of  the  formation. 

The  Diabaig  group  is  well  developed  along  the  eastern  margin 
of  the  area,  especially  as  regards  the  bright-red  grits  which  form 
its  upper  portion.  The  dark  flags  and  shales  are  well  exposed  on 
the  shore  at  Brochel  Castle  and  along  the  east  side  of  Eilean 
Fladday.  At  the  last-named  locality  they  contain  a  few  thin 
bands  of  calcareous  sandstone,  like  tnat  seen  at  Lower  Diabaig 
on  Loch  Torridon. 

The  sequence  of  the  strata  at  Brochel  is  as  follows :  — 

Jointed  grey  micaceous  shales,  with  thin  bands  of  grey  sand-  Feet. 

stone  and  coarse  pebbly  gi'it,  -  -  -  -  150 

Massive  false-bedded  bright  red  sandstone,  with  shale  bands,     - 1 
Alternations  of  bright  red  siindstones  and  ripple-marked  grey  I 

and  red  flaggy  shales,  -  -  -  -  -  v  al)out  200 

Fine-grained  red  and  grey  sandstones,  sometimes  with  scattered  ] 

pebbles,  and  intercalations  of  grey  shales,     -  -  -  J 

Bright  red  flaggy  s;\ndstone  and  more  massive  s«indst^)no,   with 

occasional  thin  })ands  of  shale,  ....     about  7W 

The  total  thickness  of  the  series  here  is  not  less  than  1000  feet. 
It  will  be  noticed  that  the  rocks  in  this  section  differ  from  those 
described  at  Diabaig  in  the  greater  proportion  of  micaceous  sedi- 
ments, and  the  absence  of  calcareous  beds.  The  strata  are 
inclined  to  W.S.W.  at  an  average  angle  of  15^.  The  rod  grits 
are  also  well  seen  along  the  cliffs  on  the  south  side  of  Loeli 
Arnish,  where  they  dip  west  and  W.N.W.  at  150-200. 

The  basement  breccia  is  not  present  in  the  Brochel  section,  but 
is  seen  clinging  to  the  surface  of  the  gneiss  near  Lochan 
Uachdair,  along  the  shore  of  Loch  Arnish,  and  on  the  oast  side 
of  Caol  Fladda,  opposite  Eilean  Fladday.  The  dark-blue  and 
grey  flagstones  of  Fladday,  though  not  cloavod,  ])ut  mnoh 
jointed,  wore  formerly  worked  as  nn  inferior  kind  of  roofing  slate. 

The  rest  of  the  Torridonian  area  of  the  island  is  occupied  by 


Raasay,  341 

the  false-bedded  red  and  purple  grits  and  sandstones  of  the  Apple- 
cross  group.  They  are  sometimes  pebbly,  and  contain  occasional 
thin  bands  of  red  shale  and  flagstone,  but  as  a  whole  vary  but 
little  in  character.  They  dip  steadily  in  a  s^eneral  westerly 
direction  at  an  average  angle  considerably  higher  than  that 
generally  observed  on  the  mainland,  and  ranging  from  18^  to 
23^.  They  are  traversed  by  numerous  N.N.W.  basalt  dykes, 
probably  of  Tertiary  age,  which,  as  in  Applecross,  have  artered 
and  bleached  the  sandstone,  in  several  instances,  to  a  distance  of 
more  than  20  feet  from  the  edge  of  the  dyke.  Where  the 
igneous  material,  as  often  happens,  has  weathered  out,  it  has  left 
a  narrow  gully  between  two  vertical  walls  of  hardened  whitish- 
grey  sandstone.  Reference  may  also  be  made  to  two  neck-like 
masses  of  breccia,  composed  of  fragments  of  unaltered  grit  and 
sandstone,  cemented  together  in  one  case  with  calcite.  The 
largest  of  these  forms  the  picturesque  crag  on  which  the  ruined 
castle  of  Brochel  stands ;  the  other  lies  a  mile  inland,  near  the 
west  side  of  Lochan  XJachdair.  Both  are  probably  of  volcanic 
origin,  and,  like  the  two  necks  in  Southern  Applecross,  may  be 
part  of  the  great  volcanic  series  so  largely  developed  in  the 
neighbouring  Island  of  Skye. 


CHAPTER  XX. 
KISHORN  TO  LOCH  ALSH.* 

Between  tlie  KisHorn  valley  and  Loch  Alsh  a  considerable 
area  of  Torridon  Sandstone  is  associated  with  the  displaced 
masses  that  overlie  the  Kishorn  thrust-plane.  Throughout  this 
district,  with  the  exception  of  a  strip  of  ground,  about  half  a  mile 
broad,  extending  along  the  shore  between  the  mouth  of  Loch 
Carron  and  the  Kyle  of  Loch  Alsh,  the  strata  are  inverted. 
Though  over  much  of  this  district,  in  spite  of  the  great  displace- 
ment which  the  Torridonian  strata  have  undergone,  they  display 
a  marked  absence  of  schistosity,  they  have  nevertheless  been 
indurated,  bleached,  and,  as  shown  in  Chapter  XYI.,  present 
characters  in  some  places  approaching  those  of  true  schists. 
In  the  tract  north  of  Loch  Carron  and  for  three  miles  to  the  south 
of  that  sea-loch,  as  far  as  Gleannan  Dorch,  the  basal  beds  of  the 
Torridon  Sandstone  pass,  with  an  inverted  easterly  dip,  under- 
neath the  overlying  Lewisian  gneiss. 

The  Diabaig  and  Applecross  groups  of  the  Torridonian  forma- 
tion are  both  represented  in  this  district,  but  the  Altbea  series 
has  not  been  detected. 

(1)  Diabaig  Grmtp. — This  division  presents  a  strikingly 
different  character  here  from  that  which  it  displays  in  the  dis- 
tricts further  north,  which  have  been  described  in  the  foregoing 
chapters.  In  particular,  it  undergoes  an  extraordinary  develop- 
ment both  in  thickness  and  in  variety  of  sediment  as  it  is  traced 
towards  the  south-west,  attaining  its  maximum  in  Skye.  Its 
sub-divisions  have  been  mapped  in  detail  in  that  island,  and 
having  been  first  established  there  have  subsequently  been 
identified  and  followed  north-eastwards  on  the  mainland.  But 
they  rapidly  diminish  in  thickness  in  that  direction,  until  beyond 
Kishorn  they  are  abruptly  cut  off  by  the  Kishorn  and  Glen  Logan 
thrust-plane.  Adopting  the  classification  establivshed  in  Skye, 
we  find  the  group  in  the  present  district  to  consist  of  the  follow- 
ing sub-divisions  in  descending  order:  — 

(d)  Grey  sandy  shales  and  fine-grained  sandstones  with  massive 

grey  and  green  grits;  thickness  2,700  feet  (Kinloch  Beds), 
(c)   Fine-grained   grey  and  green  grits,  sandstones,    and   flags; 

thickness  1,200  feet  (Beinn  na  Seamraig  grits). 
(h)  Grey,    blue,    and   black   shales,  with   calcareous  bands   and 

grits  sometimes  calcareous;   thickness  500  feet  (Loch  na 

Dal  Beds), 
(a)  Green  epidotic  grits  with  a  conglomerate  bed  at  the  base, 

locally  developed  ;  thickness  BO  feet. 

*  By  B.  N.   Peach  and  J.  Home.     The  area  described  is  comprised  in 
Sheets  71  and  81  of  the  Geological  Survey  Map. 


Diabaig 
Group. 
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a.  Epidotic  Grit  s. — ^The  conglomerate,  which  is  locally 
developed  at  the  base  of  this  sub-division,  is  best  seen  at  Femaig, 
by  the  roadside  leading  from  Stromeferry  to  Plockton  (Sheet  71), 
where  the  basal  beds  of  the  Torridon  Sandstone  dip  eastwards  at 
angles  from  18°  to  20°,  and  pass  underneath  deformed  Lewisian 
gneiss.  The  conglomerate,  from  15  to  20  feet  thick,  and  the 
epidotic  grits  form  a  prominent  ledee  round  the  face  of  the  crag 
to  the  south.  The  matrix,  in  which  lie  pebbles  of  various  types 
of  epidotic  gneiss  (Lewisian),  from  two  to  twelve  inches  across, 
consists  of  green  epidotic  grit.  Perhaps  its  most  characteristic 
feature  is  the  abundance  of  well-rounded  pebbles  of  vein-quartz, 
usually  stained  purple.  The  matrix  here  shows  marked  flaser 
structure,  and  the  gneiss-pebbles  are  sometimes  flattened,  elon- 
gated, and  under  the  microscope  show  remarkable  cataclastic 
structures.  The  conglomerate  is  again  exposed  near  the  crest  of 
the  prominent  crag  south  of  Femaig,  at  a  point  about  a  mile  due 
east  of  the  mansion-house  of  Duncraig. 

The  epidotic  grits,  which  are  charged  with  epidote  and 
chlorite,  show  on  the  weathered  surface  numerous  grains  of 
blue  quartz  and  epidotised  felspar.  Under  the  microscope  the 
larger  grains,  specially  of  quartz,  are  granulitised,  and  the  matrix 
often  forms  a  granulitic  mosaic,  rich  in  epidote  and  chlorite. 
This  band  of  green  epidotic  grits  can  be  traced  continuously 
round  the  crag  from  Fernaig  to  the  valley  of  the  Gleannan 
Dorch,  where  they  are  truncated  by  a  thrust  to  be  referred  to  in 
the  sequel.  Northwards,  the  grits  again  appear  at  the  foot  of 
the  great  crag  that  bounds  the  100-feet  beach  near  Port-a- 
Chuilinn.  On  the  north  side  of  Loch  Carron  (Sheet  81)  the 
characteristic  features  of  these  grits  are  well  displayed  on  the 
shore  section  three-quarters  of  a  mile  west  of  North  Strome  Pier, 
where  they  are  about  20  feet  thick,  and  dip  east  below  deformed 
Lewisian  gneiss.  Here  the  local  basal  conglomerate  is  absent, 
but  no  apparent  plane  of  disruption  can  be  detected.  From  the 
shore  of  Loch  Carron  the  zone  can  be  traced  round  the  west  slope 
of  Bad  a'  Chreamha,  but  seems  to  disappear  in  a  northerly 
direction ;  for,  on  the  west  face  of  An  Sgorr,  two  miles  and  a 
half  north  of  Stromeferry,  the  grey  flags  and  dark  shales  of  the 
Loch  na  Dal  sub-division  are  in  contact  with  the  overlying 
gneiss.  In  Glenmore,  about  two  miles  east  of  Courthill  House, 
Kishorn,  a  small  exposure  of  epidotic  grit  is  visible  at  the  road- 
side, where  the  boundary  line  between  the  Torridon  Sandstone 
and  the  overlying  Lewisian  gneiss  is  shifted  by  a  normal  fault. 
Northwards,  the  dark  shales  (Loch  na  Dal)  are  in  contact  with 
the  Lewisian  gneiss,  and  at  Cearcall  Dubh  a  local  conglomerate 
appears  in  that  position,  the  epidotic  grits  and  Loch  na  Dal 
shales  both  being  absent.  These  features  evidently  indicate  the 
unevenness  of  the  surface  of  gneiss  on  which  the  Torridonian 
sediments  were  laid  down  and  the  overlap  of  successive  horizons 
against  that  ancient  platform. 

b.  Loch  na  Dal  Shale  s. — ^This  sub-division  consists 
of  grey,  blue,  and  dark  striped  shales,  flags  and  calcareous  bandsj 
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These  shales  are  associated  with  fiiie-graiiied  green  and  grey 
sandstones  and  flags  and  massive  grits,  which,  with  their  included 
quartz  and  felspar  fragments,  resemble  arkoses  of  the  Applecross 
group.  In  places  along  their  outcrop  the  grits  are  markedly 
schistose,  as,  for  instance,  near  Duncraig,  where  they  contaiik 
clastic  grains  of  quartz,  microcline  and  oligoclase  lying  in  a 
micro-(;iystalline  matrix  of  sericite  and  chlorite,  showing  flaser 
structure.  This  matrix  is  largely  of  secondary  origin.  Indeed, 
over  a  large  part  of  the  area  occupied  by  these  grits  they  furnish 
remarkable  evidence  of  the  deformation  which  they  have  under- 
gone. 

Though  shales  occur  at  intervals  throughout  this  sub-division, 
they  are  specially  developed  on  two  horizons— one  near  the  top 
and  the  other  near  the  base.  The  higher  belt,  which,  as  the 
strata  are  here  inverted,  is  the  more  westerly  of  the  two,  is  well 
exposed  on  the  shore  about  half  a  mile  east  of  Kyle  of  Lochalsh 
(Slieet  71),  where  the  shales  alternate  with  fine-grained  green 
sandstone.  The  same  strata  o<'cur  at  intervals  eastwards  as  far  as 
the  Bay  of  Scalpaidh,  presenting  an  easterly  dip  at  angles  rang- 
ing from  70°  at  their  western  limit  to  20°  on  the  east. 
They  are  traceable  northwards  by  Loch  Scalpaidh  to  AUt  Dhuiri- 
nish,  where  they  are  worked  for  roofing  slate,  to  the  shore  of  Loch 
Carron  between  Duncraig  and  Plockton.  They  reappear  on  the 
north  side  of  Loch  Carron  in  a  small  bay  one  mile  west  of  the 
head  of  Lcwh  Reraig,  and  they  cross  the  peninsula  to  the  shore 
of  Loch  Kishorn  near  the  pier  at  Achintraid. 

The  dark  blue  and  grey  slates  and  flags  near  the  base  of  the 
Kinloch  Be<ls  are  well  exposed  on  the  shore  on  the  west  side  of 
BalmacaiTa  Bay,  wliore  they  dip  a  few  degrees  to  the  south  of 
east  at  angles  varying  from  15°  to  23°.  They  likewise 
form  the  hill-slope  west  of  Balmacarra  House.  They  are  visible 
further  east  in  the  lower  part  of  Balmacarra  Burn,  their  occur- 
rence there  being  due  to  a  low  arch  of  the  inverted  strata.  (Part 
IV.,  Chap.  XXXVIII.)  Northwards  they  are  traceable  by  Carn 
Thollaid.  tlie  west  end  of  Loch  Achaidh  na  h-Ithinnich  and  the 
east  side  of  Loch  Lundie,  to  the  south  shore  of  Loch  Carron,  one 
mile  east  of  Plockton.  On  the  north  side  of  that  fjord  shales, 
probably  on  the  same  horizon,  appear  on  the  hill  north  of  the 
head  of  Loch  Keraig,  and  by  the  footpath  leading  to  Achintraid. 

The  pebbly  grits  and  fine-grained  sandstones  lying  between 
the  upj)er  and  lower  shalo-zones  of  the  Kinloch  sub-division  are 
well  seen  on  the  north  sliore  of  Loch  Alsh  between  the  Bay  of 
Scalpaidh  and  Balmacarra,   where  they  have  an   easterly  dip 
at    angles    varying    from    15°    to    25°.       Some    of    the    more 
massive  fine-grained  sandstones  display  the  contorted  bedding  eo 
characteristic  of  the  members  of  the  Applecross  group.     Bimds 
of  shale  from  three  to  four  feet  thick  are  here  intercalated  with 
the  grits  and  sandstones,  which  frequently  show  puckering  and 
ovorfolding  of  the  laminie,  culminating  in  small  reversed  hudis. 
(Fig.    15.)       The    shales    are    usually    cleaved.       Nortliwards 
from  Loch  Alsh  the  Kinloch  Beds  are  well  seen  cm  the  rocky 
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Fio.  15.— Cleaved  Shslo  with  seai 
Grit  (3  inches  ihiok),  showing  < 
folding  and  reversed  faults,  on  shore 
470  yardn  east  of  Colonel  Murchinon'^ 
Monument,  Luch  Alah. 


hills  north  and  south  of  Palai^caig,  where  the  moK  massive  bauds 
give  rise  to  prominent  escarpments.  Hhej  btrm  the  wooded  hills 
south  of  Uuncraig,  below  which  they  appmx  on  the  shore,  while 
north  of  Loch  Carron  they  aie  seen  intA  of  Loch  Keraig  and 
extend  northward.^  to  Achintraid, 

plecross  Group, 
sandstones 
cind  grits  ao  characteristic  of 
llliBgToap  farther  north  are 
here,  m  a  ivle,  tiner  groined 
than  in  the  typical  Loch 
Tonidon  eiva.  In  places, 
liowerer — m,  for  instance,  a 
(nisrier  of  a  mile  north  from 
Urbnwig  and  near  Plockton 
— thw  are  pebbly,  and 
oontam  frupnents  of  micro- 
dine  and  pink  felsite. 
Thongh  now  usually  grey  or 
fiTeen  in  oolour,  it  is  pro- 
bable that  their  original  tint  may  hare  been  poiple,  for  in  some 
places  the  latter  is  met  with,  and  in  otiiien  they  nave  a  blotched  . 
appearance.  Induration  and  cleavage  are  'oommon  among 
them ;  indeed,  in  some  of  the  railway  onttings  near  Erbusaig 
the  sandstones  have  been  so  hardened  aa  to  present  the  ehanotera 
of  quartaites. 

Lines  and  thin  bands  of  heavy  minorals — ^magnetite  and  siieon 
— are  intercalated  in  some  of  tiie  beds  of  arkose,  as,  for  instance, 
in  the  Flock  of  Kyle,  a  quarter  of  a  mile  west  of  Kyle  Inn,  at 
the  roadside  a  little  north  of  Duirinish  Bridge,  and  at  several 
places  on  Coir  &  Mhnilt,  half  a  mile  S.S.W.  of  Ihiiriniah.  In 
some  instances  the  bands  containing  these  heavy  minerals  vary 
from  two  to  ten  inches  in  thickness. 

The  members  of  this  group  contain  microcline,  oligoclase, 
quartz,  and  scattered  flakes  of  white  mica.  From  the  micro- 
scopic examination  it  appears  that  the  deformation  of  the  con- 
atituents  decreases  in  a  westward  direction.  At  Plockton  the 
proofs  of  strain  phenomena  in  the  grits  are  more  marked,  and 
there  is  more  secondary  crypto-ciystalline  matter  in  the  matrix 
than  in  specimens  taken  from  a  locality  one  mile  further  west. 
(See  Chapter  XVI.) 

The  arkosea  of  the  Applecross  group  between  Loch  Alsh  and 
Looh  Carron  form  a  belt  upwards  of  a  mile  in  width  along  the 
western  seaboard  from  Kyle  Inn  north  by  Duirinish  to  Plockton, 
Over  the  greater  part  of  this  area  their  dip  is  easterly  and  in- 
verted. Beference  will  be  made  in  the  sequel  to  the  north  and 
south  axial  Hne,  to  the  west  of  which  the  inversion  ceases. 
(Chapter  XXXVIII.) 

To  the  east  of  the  area  of  Torridon  Sandstone  described  in  this 
chapter,  between  Loch  Carron  and  Loch  Alsh,  minor  infolds  of 
the  formation  have  been  caught  in  among  the  masses  of  deformed 


Kishtri'n  to  Loch  Alsh,  347 

Lewisian  gneiss.  The  strata  so  included  comprise  the  basal  con- 
glomerate, the  epidotic  grits,  the  Loch  na  Dal  shales,  and  per- 
haps some  of  the  Beinn  na  Seamraig  grits,  all  showing  traces  of 
deformation  like  those  above  noticed  as  observable  between 
Femaig  and  the  Kyle  of  Lochalsh. 


CHAPTKR  XXL 
ISLKOFSKYB.* 

In  Skye  the  soutli-t^astem  penionila,  iaolndtng  the  puiah  (rf 
Sleat  and  the  east  end  of  Stnth,  is  ohieflr  oompoMd  td  Tom- 
donian  rocka.  TwoorthreemilesaoadiofKyleakiiitheserocluriM 
into  the  mciuataius  of  Sguir  u  Gouudoh  (2401  feet)  uid  Bemn 
na  Caillich  (2396  feet),  bat  the  hills  become  loww  in  a  aoath- 
westerlv  direction,  and  beyond  Loch  na  Dal  noi^iere  exceed  lOOQ 
feet  in  height .  In  the  northern  part  of  the  peoiiuola  the  elera- 
tion  also  decreases  rapidly  towards  the  north-wast,  and  low 
dreary  peat-covered  tracts  oover  the  area  between  Loch  Eishort 
and  Kyleakin.  On  the  mainland  of  Invemeas-shire,  on  the  east 
side  of  the  strait  of  Kyle  Bhea,  a  narrow  strip  <A  Tomdoiian 
rocks  may  be  conveniently  desBribed  with  those  of  Sleat. 

Ou  the  flanks  of  Ben  Suaidal,  in  the  parish  of  Stratii,  a  small 
Torridoniati  area  is  separated  from  that  to  the  east  by  a  narrow 
band  of  MesoEoic  rocks.  North-west  and  west  of  that  hill  Tarious 
small  areas  of  Torridon  Sandstone  hare  been  mapped.  One  of 
these  lies  to  the  north-east  and  east  of  Beinn  na  Caillich,  west  of 
Broadford,  between  Coire-chat-achan  and  the  Eyle  of  Scalpay, 
and  the  rocka  reappear  in  Scalpay  Island.  A  little  further  to 
the  north-weat  another  atrip  of  the  formation,  from  half  to  a 
third  of  a  mile  wide,  and  more  than  two  miles  long,  appeara  on 
the  coast  east  of  Loch  Sligachan.  A  third  narrow  strip,  never 
more  than  200  yards  wide,  mns  for  three  miles  along  the  coast  of 
Skye,  from  the  middle  of  the  Sound  of  Soay  towards  the  head  of 
Loch  Scavaig. 

It  is  certain  that  nearly  all  the  Skye  Torridonian  rocks,  and 
also  those  east  of  the  Eyle  Rhea,  have  been  thrust  forward  from 
the  south-east  during  the  great  post-Cambrian  movements.  This 
displacement  is  weU  seen  near  Ord,  on  Ben  Suardal,  and  at 
Coire-chat-achan.  But,  as  a  rule,  the  rocks  in  this  district 
have  not  suffered  appreciable  deformation  or  alteration,  and  they 
can  be  separated  into  various  stratigraphical  horizons,  most  of 
which,  as  stated  in  the  last  chapter,  are  more  fully  developed 
here  than  in  any  other  part  of   the   North-West  Highlands. 

*By  C.  T.  Cloogh,  with  notes  by  A.  Harker.  The  ground  described  in 
Uiis  diftpt«r  is  comprioed  within  Sheets  61,  70,  and  71  of  the  Geologiotl 
Survey  Map  of  Scotland. 
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Arranged  in  descending  order,   the  Torridonian  formation  in 
Skye  comprises  the  following  sub-divisions  of  strata:  — 

(2)  Applecross  Group. — Red  and  chocolate  arkoses  with  pebbles  of  quartzite, 

felsite,  jasper,  pegmatite,  and  other  rocks. 
(1)  Diabaig  Group. — (a)  Kinloch  Beds. — Ajseries  of  dark  grey  sandy  shales 

and  fine-drained  grey  and  buff  grits  with  thin  cal- 
careous lenticles. 

Do.  (e)  Beinn  na  Seamraig  Grits. — Fine-grained  buff   or 

grey-green  grits  with  some  bands  of  grey  sandy 
shale. 

Do.  (6)  Loch  na  Dal  Beds. — Dark  grey,    gritty  or  sandy 

shales  with  fine-grained  buff  grits  and  small  cal- 
careous lenticles. 

Do.  (a)  Epidotic    Grits    and    Conglomerates. — Beds    with 

abundant  pebbles  of  epidote  and  epidotized  felspar. 
The  finer  bands  show  a  sreenish  matrix.  Occa- 
sional bands  of  purple  and  green  shale. 

The  four  lower  sub-divisions  represent  in  an  enormously  ex- 
panded form  the  Diabaig  group  of  the  region  to  the  north.  In 
Skye  they  occupy  collectively  an  area  about  twice  as  large  as 
that  covered  in  this  island  by  the  Applecross  group.  The 
boundaries  between  the  different  divisions,  though  not  sharp, 
are  yet  generally  sufficiently  developed  to  allow  of  the  detection 
and  tracing  of  large  faults.  The  three  upper  members  of  the 
Diabaig  group  have  many  characters  in  common.  The  grits  are 
often  excessively  false-bedded,  and,  as  in  those  of  the  Applecross 
group,  the  minor  lamina3  within  certain  beds  are  often  arranged 
m  sharp  curves,  thougn  the  tops  and  bottoms  of  these  beds  have 
a  uniform  slope.  Many  of  the  finer  grits  in  each  division  are 
characterised  by  the  presence  of  small  spots,  the  size  of  a  pea  or 
less,  which  are  usually  paler  than  the  rest  of  the  rock.  They 
seem  to  be  due  to  a  peculiar  condition  of  the  interstitial  matter, 
and  they  were  no  doubt  in  existence  prior  to  the  post-Cambrian 
thrusts,  for  in  several  places  they  have  been  elongated  in  a 
parallel  direction  along  the  cleavage  planes.  This  feature  may 
be  seen  two-thirds  of  a  mile  S.S.W.  of  Sgurr  na  Coinnich.  A 
few  of  the  coarser  grits  are  red  in  consequence  of  the  number  of 
clastic  grains  of  red  felspar,  but  generally  white  felspar  pre- 
ponderates. 

A  traverse  of  the  district  in  a  south-easterly  direction  from 
Broadford  Bay  to  the  Sound  of  Sleat  at  Ardnameacan  shows  the 
several  sub-divisions  in  their  simplest  relations.  First  comes  the 
Applecross  group,  followed  by  the  different  members  of  the 
Diabaig  group,  in  normal  stratigraphical  order.  A  considerable 
resemblance  may  be  noted  between  the  Kinloch  and  the  Loch  na 
Dal  beds,  but  the  other  three  divisions  are  so  different  from  one 
another  in  lithological  character  that  the  Kinloch  beds  and  the 
Loch  na  Dal  beds  cannot  be  regarded  as  repetitions  of  one  series, 
with  the  Beinn  na  Seamraig  grits  lying  in  a  fold  between  them. 
The  great  apparent  thicknesses  of  the  three  upper  sub-divisions 
do  not  seem  due  to  repetition  by  thrusts  and  folds.  There  are  no 
indications  of  thrusts  or  isoclinal  folds,  and  very  little  cleavage 
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can  be  detected  along  the  parts  of  the  traverse  which  these 
divisions  occupy.  The  dip  of  the  whole  formation  is  continuously 
north-westwards — a  direction  opposite  to  that  of  the  usual  inclina- 
tion of  the  thrusts  and  isoclinal  folds  of  post-Cambrian  age.  It 
does  not  seem  likely  that  the  strata  can  once  have  had  a  general 
south-easterly  dip,  together  with  a  set  of  obscure  isoclinal  folds 
and  thrusts,  and  that  these  structures  have  been  subsequently 
bent  so  as  to  be  inclined  towards  north-west.  Had  this  reversal 
taken  place  the  cleavage-planes  would  also  have  dipped  north- 
west, for  it  is  a  rule  that  when  these  planes  are  developed  they 
lie  parallel  to  the  axial  planes  of  the  folds  of  the  rocks  in  which 
they  occur.  But,  as  a  fact,  these  planes,  where  seen  along  or 
near  the  line  of  traverse,  always  dip  south-east.  In  some  parts 
of  the  Applecross  group  the  dip  in  a  north-west  direction  has 
been  increased  in  amount  since  Mesozoic  times,  but  this  increase 
has  not  made  the  cleavage  dip  north-west. 

The  general  strike  of  all  the  Torridonian  rocks  in  Skye  is  north- 
east and  south-west.  Those  which  lie  furthest  sou tn- east  show 
stronger  indications  of  dynamo-metamorphism — more  cleavage 
or  foliation,  more  elongation  of  particles,  more  tendency  to 
granulitisation  in  the  matrix — ^than  the  rocks  which  lie  to  the 
north-west.  Further,  as  they  are  followed  south-westwards  from 
Kyle  Akin  towards  Loch  an  Eilean,  in  Strath,  or  Isle  Omsay,  the 
metamorphism  gradually  decreases  in  strength. 

The  Torridonian  rocks  in  the  parts  of  Skye  north-west  or  west 
of  Strath  Suardal,  and  in  the  Island  of  Scalpay,  are  much  mixed 
with  igneous  rock,  and  it  is  not  certain  to  what  horizon  some  of 
them  belong,  or  to  what  extent  they  have  been  affected  by  thrust- 
ing. These  rocks  will,  therefore,  not  be  dealt  with  in  the 
descriptions  of  the  several  Torridonian  divisions  which  are  to 
follow  in  this  chapter.  A  few  facts  relating  to  them  may, 
however,  be  stated  here. 

The  different  patches  of  Torridonian  rock  which  occur  in  the 
part  of  Skye  between  Coire-chat-achan  and  the  Kyle  of  Scalpay 
are  outliers  above  the  Ben  Suardal  thrust,  and  they  overlie 
Cambrian  limestones.  In  all  these  outliers  the  rock  is  less 
felspathic  and  more  siliceous  than  the  usual  type  of  Applecross 
fifrit.  It  is  a  close-grained  quartzose  ""rit,  passing  locally  into 
a  quartzite  with  cementation  by  silica.  In  the  Torridonian  strip 
east  of  Loch  Sligachan,  the  lowest  rocks,  which  are  at  the  west 
end,  resemble  the  common  Applecross  type.  They  consist  of 
red  and  grey  sandstones  and  grits,  containing  a  considerable 
amount  of  felspar,  and  having  pebbly  bands  on  some  horizons. 
Over  these,  in  the  eastern  part  of  the  area,  come  less  felspathic 
and  more  quartzose  fine-grained  grey  rocks,  which  often  weather 
with  a  pink  colour. 

The  general  dip  of  the  Torridonian  rocks  on  the  Skye  shore 
near  the  Island  of  Soay  is  north-west  at  low  angles.  The  lower 
part  consists  of  fine-grained  sandstones  with  some  flaggv  and 
shaly  beds  weathering  red,  pink,  or  grey.  These  are  overlain  bv 
less  fine-grained  and  pinker  sandstones,  with  some  conglomeratic 
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bands,  and  then  by  pebbly  grits,  weathering  pale-grey  or 
white. 

The  Torridonian  beds  in  the  Island  of  Scalpay  admit  of  division 
into  two  members.  The  highest  and  principal  member  composes 
most  of  the  north-eastern  and  central  part  of  the  island,  and  also 
extends  nearly  to  Rudha  Aosail  Sligeach.  It  consists  chiefly  of 
coarse  felspathic  sandstones,  weathering  reddish,  often  false- 
bedded,  and  with  pebbly  seams  and  beds  throughout.  Its  thick- 
ness may  be  as  much  as  4750  feet.  Below  this  comes  finer  sand- 
stone, also  felspathic,  never  pebbly,  and  this  passes  down 
through  intermediate  beds,  which  are  often  laminated  and  flaggy, 
into  close-grained  quartzose  grits  with  little  or  no  felspar,  and 
of  a  grey,  greenish-grey,  or  white  colour.  The  thickness  of  the 
lower  member  appears  to  be  about  1300  feet. 

(1)  Diahaii/  Group. — This  lowest  member  of  the  Torridonian 
formation,  which,  in  the  Loch  Carron  and  Loch  Alsh  district, 
assumes  a  different  character  from  that  of  the  same  group  further 
to  the  north,  crosses  into  Skye  and  attains  there  its  greatest 
development.  As  shown  in  the  foregoing  table,  four  distinct 
assemblages  of  strata  can  be  recognised  in  it. 

a.  Epidotic  Grits  and  Conglomerate s. — ^This 
sub-division  between  Kyle  Rhea  and  Loch  na  Dal  occurs  in  four 
detached  areas,  none  of  which  is  as  much  as  half  a  mile  broad 
from  north-west  to  south-east.  Three  of  them  lie  near  together, 
and  form  an  almost  continuous  exposure  from  Port  Aslaig  to 
within  half  a  mile  of  Ardnameacan.  The  most  north-westerly 
area  touches  the  coast  on  both  sides  of  Dun  Ruaige.  In  the 
southern  part  of  Sleat  other  four  or  five  small  detached  areas 
have  been  noticed.  Even  the  largest  of  these,  which  has  its 
approximate  centre  about  half  a  mile  south-west  of  the  outlet  of 
Loch  a'  Ghlinne  (four  miles  and  a  half  N.N.E.  of  Point  of  Sleat), 
does  not  much  exceed  20  acres.  The  rocks  in  the  areas  adjoining 
the  Sound  of  Skye  are  well  exposed  in  coast-sections,  and  those 
in  the  southern  part  of  Sleat  are  also  for  the  most  part  bare  and 
craggy. 

In  no  unthrust  area  of  the  Torridon  Sandstone  do  we  know  of 
rocks  quite  like  what  those  under  description  may  be  supposed  to 
have  been  in  their  original  condition.  None  of  them  have 
escaped  alteration  in  the  course  of  the  great  post-Cambrian 
movements,  and,  speaking  generally,  the  alteration  is  greater  in 
this  than  in  the  other  Ton*idonian  sub-divisions.  In  the  district 
between  Loch  na  Dal  and  Kyle  Rhea  the  epidotic  grits  lie  to  the 
east  of  most  of  the  other  rocks  which  can  with  confidence  be 
claimed  as  Torridonian,  and  they,  therefore,  approach  nearer  to 
the  region  in  which  the  thrusts  and  accompanying  movements 
had  their  source.  The  areas  in  the  southern  part  of  Sleat  lie  in 
a  network  of  thrusts,  and  have  been  considerably  mylonised  and 
crushed.  Nevertheless,  excepting  in  certain  bands,  the  altera- 
tion has  not  gone  far  enough  to  produce  a  distinctly  granulitic 
matrix,  or  to  obscure  the  outlines  of  the  larger  constituents  of  the 
rock,  which  is  crowded  with  determinable  pebbles  and  clastic 
grains. 
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Thaw  xoBki  an  least  thcnd  bmt  AidnaioeaOui.  In  tlie 
eoMt-tsotioiu  irtaa  haU  B  mile  to  ft  mile  north-eMt  from  this 
poant  ilie  inftladiiMi  pebblee  have  not  been  dongated  nor  is 
deamge  jimmlmt.  ITortk-^artwards  indioaiiona  of  ^eater 
ohaaga  ^paar:  ^utming  ftdiation-pUnea  often  otobs  the  bed- 
ding,  the  pebblea  hxn  been  dravn  out  in  a  paralle]  direction. 
often  acroia  the  bedding,  and  thin  qnuia-'veuu  witt  some  red 
fabpar  am  oonaiionaUy  Been. 

The  mb-diTilion  oonaiata  for  the  moat  part  of  gnta  and  con- 
^omewtea,  in  which  the  fmh  matrix  shows  pieniiling  tints  of 
green  or  lemon  yellow.  The  green  tints  are  duefiy  due  to  flakes 
of  ahloiita,  the  yellow  to  bbuiII  grains  of  e^dote  or  pieces  of 
falapar  lAioh  have  been  partially  oonTerted  uto  epidote.  The 
banda  in  which  a  yellow  tint  mredmninates  are  generally  only 
frooi  two  to  four  inohea  tbiok,  TFhey  are  hardw  tun  the  others, 
contain  a  greater  pnmortion  of  qoartHraina,  often  of  an 
qpaleaeent  woraoter,  and  weather  with  a  pafe-bnS  or  dirty-white 
eolonr.  The  greener  parts,  besides  the  chlorite,  contain  many 
grains  and  stroaks  of  epidote,  of  red  felspar,  and  of  quartz,  the 
utter  often  stained  with  hnmatite  on  their  snr&oes  and  along 
oaoka.  Theae  ooloors  form  virid  oontiaata  in  the  shore- pebbles 
freahly  waahed  l^  the  tide.  Some  bands  ctmtain  so  many  pebbles 
of  red  lelapar  that  tlte  green  and  yellow  tints  are  hardly  noticed. 
In  many<n  the  aeotions  falae-beddingisconsjncnoas — ^Cor  instance, 
on  tlie  ooaat  a  qnarter  of  a  mile  north-east  from  Rndha  (!  ual!. 

The  larger  grains  rary  iMnsideraUy  in  size  in  adjoining  bands, 
bat  on  Uie  average  they  are  bigger  tiian  tiiose  in  any  other  of 
the  Skye  Torridonian  rocks.  In  the  beda  half  a  mile  aonth-west 
of  the  outlet  of  Loch  a'  Ghlinne,  and  half  a  mile  north-east  of 
that  of  Loch  Lamaracaig  (three  miles  N.N.E.  of  Point 
of  Sleat),  some  pebbles  or  boulders  exceed  a  foot  in  length,  and 
are  of  such  stout  form  that  they  cannot  have  been  much  elon- 
gated by  Bheanng.  Theae  coarse  beds  probably  lie  near  the  base 
of  the  series.  In  the  coarsest  beds  between  Kyle  Rhea  and  Loch 
ni  Dal  it  is  rare  to  find  pebbles  exceeding  the  size  of  a  pigeon's 
egg:  towards  the  top  of  the  sub-division  the  grains  become 
smaller,  and  the  grits  are  mixed  with  sandy  shales,  some  of  which 
have  a  green  tint  and  are  so  mixed  with  thin  laminie  of  fine  grit 
that  the  rock  presents  a  ribboned  appearance.  Most  of  the  high 
beds  are  greener  than  the  lower,  and  are  sometimes  inter- 
fltratified  with  grey  beds  like  those  in  the  Loch  na  Dal  sub- 
division. It  ia  noteworthy  that  the  green  colour  is  usually 
changed  into  black  or  grey  in  the  neighbourhood  of  igneous 
iutrusiona. 

Interatratiiied  with  the  Epidotic  Grits  occasional  bands  may  be 
seen  of  sandy  purple,  or  variegated  purple  and  green  shale,  which 
are  unlike  any  other  shales  in  the  Diabaig  group  of  Skye, 
Examples  of  them  can  be  examined  about  70  yards  north-east 
from  the  foot  of  Allt  Thuill. 

In  the  areas  half  a  mile  south-west  of  the  outlet  of  Loch  a' 
Ghlinne,  and  half  a  mile  north-east  of  that  of  Loch  Lamarscaig, 
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numerous  large  pebbles  of  opaque  white  quartz — apparently 
vein-quartz — ^may  be  observed,  sometimes  seven  or  eight  inches 
lonff,  and  with  their  outsides  stained  with  haematite.  Other 
pebbles  consist  of  opalescent  quartz,  which,  though  it  never  by 
itself  forms  pebbles  as  large  as  some  of  those  of  the 
other  variety  of  quartz,  not  uncommonly  occurs  with 
felspar,  either  red  or  whit^,  in  pebbles  which  are  of 
considerable  size,  and  which  have  the  aspect  of  many 
Lewisian  gneisses.  Most  of  the  larger  pebbles,  too,  which 
occur  in  a  coarse  band  a  little  south  of  Port  Aslaig,  closely 
resemble  some  of  these  gneisses.  That  coarse  band  contains  also 
pebbles  of  pink  quartz-felsite,  purple  felstone,  and  quartzite. 
Such  pebbles  are  generally  common  in  the  Applecross  division, 
but  rare  in  the  Diabaig  beds. 

About  300  yards  south-west  of  the  foot  of  AUt  Caillte  some  of 
the  epidote  grains  are  as  large  as  hazel-nuts.     In  a  slice  (5413) 

e'epared  from  a  grit  that  occurs  a  quarter  of  a  mile  north-east  of 
un  Ruaige,  many  epidote  grains  are  included  within  felspar 
pebbles.  In  the  Loch  a'  Ghlinne  and  Loch  Lamarscaig  areas 
above  referred  to,  some  of  the  pebbles  are  composed  of  opaque 
white  quartz  and  epidote,  or  of  these  substances  and  red  felspar. 
Some  of  the  pebbles,  four  or  five  inches  long,  show  the  epidote 
disposed  in  subparallel  streaks. 

It  seems  probable  that  the  majority  of  these  epidote  or 
epidosite  grains  and  pebbles  consisted  of  their  present  substance 
at  the  time  the  beds  containing  them  were  formed.  If  they  had 
been  formed  from  felspar  after  the  deposition  of  the  strata,  it  is 
not  likely  that  some  felspar  pebbles  would  have  been  left  quite 
unaffected,  nor  would  there  probably  have  been  such  an  inter- 
mixture of  grits  rich  in  epidote  with  others  in  which  this  mineral 
is  scarce.  Small  grains  of  epidote  are  abundantly  mixed  with 
grains  of  other  heavy  minerals — magnetite,  sphene,  zircon,  &c. 
— in  thin  parallel  streaks,  which  represent  the  bedding  of  the 
rock,  in  various  almost  unaltered  beds  in  other  Torridonian  sub- 
divisions in  Skye,  and  it  is  clear  that  these  are  clastic  grains. 

As  has  already  been  remarked,  in  various  parts  of  the  North- 
West  Highlands  the  pre-Torridon  surfaces  of  the  Lewisian 
gneiss  are  abundantly  traversed  by  strings  of  epidote,  and  the 
felspar  folia  have  been  more  or  less  converted  into  epidosite. 
There  is  thus  no  difficulty  in  explaining  how  clastic  grains  of 
epidote  should  form  part  of  the  detritus  that  was  first  derived 
from  such  surfaces  by  denuding  agents. 

In  some  slides  made  from  the  rocks  half  a  mile  S.S.W.  of  the 
Loch  a'  Ghlinne  outlet,  broken  bits  of  green  hornblende  occur  in 
considerable  abundance.  One  of  the  slides  contains  a  number  of 
grains  of  black  iron  ore. 

In  the  areas  half  a  mile  south-west  of  Loch  a'  Ghlinne  outlet, 
and  half  a  mile  north-east  of  Jjoch  Lamarscaig  outlet,  the  pebbles 
of  quartz  and  of  rocks  resembling  massive  Lewisian  gneisses  are 
not  generally  much  flattened  nor  elongated  in  a  parallel  direction, 
though  they  are  crossed  with  small  crush-lines  and  sometimes 
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bent.  Intimately  mixed  with  these  stout  pebbles,  however,  are 
others  composed  of  highly-sheared  material,  which  are  flatter 
and  longer,  some  being  a  foot  long  though  only  one  or  two  inches 
thick,  in  a  direction  across  their  foliation.  It  seems  probable 
to  the  writer  that  the  flat  pebbles  referred  to  had  nearly  the  same 
form  as  now  at  the  time  of  their  incorporation  in  the  bed,  and 
that  the  parent  rocks  from  which  they  were  derived  were  finely 
sheared  in  pre-Torridon  times.  If  these  parent  rocks  were  finely 
sheared  we  should  expect  the  pebbles  from  them  to  be  of  a  flattisn 
form,  much  as  we  find  in  pebbles  made  from  shale.  The  long 
axes  of  these  flattish  pebbles  lie  in  parallel  planes,  but  they  have 
no  general  direction,  and  in  one  pebble  (Slice  7843)  of  mylonised 
substance  the  shear-planes  continue  distinctly  up  to  the  edge  and 
there  end,  without  entering  the  enclosing  matrix,  and  the  long 
axes  of  the  quartz  grains  in  the  matrix  are  not  parallel  to  the 
shear-planes  in  the  pebble.  We  may,  therefore,  conclude  that 
somewnere  near  the  area  of  deposition  of  the  conglomerate  there 
was  an  exposure  of  pre-Torridon  mylonite,  probably  of  the  same 
age  as  those  near  Loch  Maree.  The  mylonised  pebble  repre- 
sented in  Slice  7843  is  composed  of  alternating  water-clear  and 
opaque  whit«  granulitic  layers  with  small  augen  of  red  felspar — 
plagioclase  in  part — and  macroscopically  it  resembles  two  rocks 
which  occur  in  sitti  in  the  noighbourhooa,  one  a  Lewisian  gneiss 
and  the  other  a  granulitised  band  of  the  Moine  series. 

It  is  not  certain  that  in  Skye  the  base  of  the  Epidotic  Grits  is 
anywhere  seen.  The  conglomerate  half  a  mile  south-west  of  the 
Loch  a'  Ghlinne  outlet  is  folded  as  well  as  crushed,  and  perhaps 
the  original  thickness  need  not  exceed  80  or  100  feet.  The 
Epidotic  beds  between  Allt  Thuill  and  Allt  Caillte  are  perhaps 
200  or  300  feet  thick. 

b.  Loch  na  Dal  Bed  s. — The  chief  outcrop  of  the  Loch 
na  Dal  sub-division  extends  from  Kyle  Rhea  to  Loch  na  Dal. 
Xear  Meall  Port  Mealary  and  Rudha  Guail  the  beds  are  folded  to 
a  considerable  extent,  and  the  outcrop  is  of  irregular  form.  The 
greatest  width  (which  is  near  Loch  na  Dal)  is  two-thirds  of  a  mile. 
Outcrops,  which  are  no  doubt  continuous  under  the  Sound  of 
Skye  with  this  band,  are  exposed  in  good  coast-seetions  on  the 
east  side  of  Kvle  Rhea,  and  on  the  south-west  side  of  Loch  na 
Dal.  The  first-mentioned  outcrop,  which  may  be  seen  on  the 
north  side  of  Glenelg  Bay,  is  not  in  most  j)]aces  more  than  from 
20  to  40  yards  wide.  The  outcrop  on  the  south-western  side  of 
Loch  na  Dal  is  covered  by  rocks  brought  forward  on  the  Moine 
thrust. 

The  sandy  or  gritty  shales,  which  form  a  large  proportion  of 
the  sub-division,  are  usually  of  a  dark-grey  colour,  but  weather 
with  a  brown  crust.  The  purer  shale  lamina*  are  mixed  in 
extremelv  thin  alternations  with  sandv  or  i^ritty  mateiial.  YeiT 
often  ten  or  twelve  such  layers  may  be  counted  in  tlie  tliickness 
of  an  inch,  and  it  is  rare  to  find  more  than  an  in  eh  of  pure  shale. 
Some  of  the  clastic  grains  in  the  gritty  layers  are  as  large  as  peas, 
and  isolated  grains  of  this  size  mav  lie  in  rows  in  the  shale. 
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This  close  intermixture  of  fine  and  coarse  material  is  a  marked 
feature  in  the  sub-division,  though  not  confined  to  it,  for  a  similar 
rapid  alternation,  though  perhaps  not  in  quite  so  striking  a  form, 
is  to  be  found  in  the  Kinloch  sub-division.  The  surfaces  of  the 
laminae  often  display  abundant  flakes  of  white  sedimentary  mica 
and  ripple  marks. 

The  sandy  shales  are  intermingled  with  thin  bands  of  sand- 
stone or  grit,  of  a  greenish-grey  colour,  which  split  along  the 
bedding  into  rather  thin  slabs,  and  generally  contain  grains  of 
quartz  and  felspar  which  are  large  enough  to  be  discerned  by 
tne  unaided  eye.  The  quartz-grains  are  often  slightly 
opalescent,  or  of  a  pale  blue  colour.  The  felspar  grains  are 
either  red  or  white,  and  not  granulitised.  In  Specimen  7704,  a 
slightly  altered  gritty  shale  from  the  shore  a  little  more  than  a 
third  of  a  mile  north-east  from  Ardnameacan,  the  dark  bands 
are  too  fine-grained  to  be  capable  of  satisfactory  determination 
even  under  the  microscope,  but  are  probably  in  the  main  com- 
posed of  granules  of  quartz  and  flakes  of  micaceous  minerals. 

The  sub-division  includes  some  massive  grits  which,  when  fresh, 
have  a  bufE  or  greenish-grey  hue,  but  which  weather  with  a  buff 
crust,  suggestive  of  the  presence  of  some  finely-diffused  ferri- 
ferous carbonate.  These  grits  are  most  abundant  near  the  top  of 
the  sub-division,  and  they  so  closely  resemble  most  of  the  Beinn 
na  Seamraig  grits  that  in  places  no  satisfactory  boundary  can  be 
drawn  between  them. 

Thin  calcareous  streaks  and  lenticles,  rarely  more  than  six 
inches  thick,  and  weathering  with  a  brown  colour,  are  common 
in  the  gritty  shales  and  grits.  Most  of  them  are  full  of  clastic 
grains  of  quartz  and  felspar,  which  project  on  the  weathered  faces. 

At  Port  Aslaig,  and  between  that  little  bay  and  AUt  Thuill, 
the  shore  exposes  bands  of  purer  and  blacker  shale  than  commonly 
occur,  one  of  them  being  somewhat  calcareous.  In  the  little 
burn  north-east  from  Allt  an  Doire-daraich  this  bed  of  shale  is 
perhaps  18  or  19  feet  thick,  but  only  a  small  proportion  of  it  has 
II  calcareous  composition. 

The  thickness  of  the  Loch  na  Dal  beds  seems  to  increase  south- 
westwards  from  Kyle  Rhea  to  Loch  na  Dal.  Although  the 
outcrop  on  the  coast  north  of  Dun  Ruaige  is  not  sharply  defined 
either  from  the  Beinn  na  Seamraig  grits  above  or  from  the 
Epidotic  Grits  below,  the  thickness  of  the  sub-division  there  is 
estimated  at  about  600  feet.  On  the  north-east  side  of  Loch  na 
Dal  the  width  of  outcrop  is  partly  increased  by  folding,  but, 
after  making  allowance  for  this  reduplication,  there  still  seems  to 
be  more  than  twice  the  depth  of  strata  visible  near  Kyle  Rhea, 
which  is  only  about  six  miles  away.  There  may  possibly,  how- 
over,  be  some  deceptive  structure  in  the  Loch  na  Dal  section 
which  has  escaped  notice. 

c.  Beinn  na  Seamraig  Grit  s. — This  sub-division 
is  named  after  a  hill  two  miles  north-east  of  Loch  na  Dal,  whence 
it  can  be  traced  in  a  north-easterly  direction  over  Ben  Bheag, 
Ben  Aslak,  and  Beinn  Bhuidhe,  to  the  Kyle  Rhea,  of  which  it 
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ttnnu  tlie  vestoni,  and  »  nurow  itr^  on  the  eastern,  shore 
Towazdi  ihe  aobtli-WMt  it  pUBM  by  the  head  of  Locb  na  Dal  and 
over  A'  ICLaoile.  A  litUe  south-west  ot  this  lifll  the  lower  hed* 
begin  to  be  eorered  by  rocks  brought  fonrard  on  the  Mnine 
timut,  ukdaboatliallamileaoitth-eutofOnodeulacli  na  Coihk 
the  i^le  ootcrop  is  hidden. 

The  hue  of  these  grits  ftnmu  a  somevhat  tmn  llutt,  excepting 
about  a  mik  sontii-irest  of  "Pari  Aalaig,  vhere  it  is  folded  aloD|; 
axes  strihiBg  north-eait.  Their  top  is  a  little  oncertaia  between 
Beton  Bheaff  and  Allt  Eaa  a'  Hhoic,  north  of  the  village  of 
Kylohea.  Kear  the  head  of  Qlen  Airoch  it  strikes  nearly  east 
and  west  for  a  mile  and  a  half.  The  width  of  the  outcrop  varies 
ooiuideiat^.  On  Ben  Aslak,  where  greater  than  anywhere  eUe, 
it  is  about  two  milee  and  a  half. 

To  the  aooth'WMt  of  Cnoo  Bealach  na  Coise  (about  two  mile.'' 
W.S.W.  of  Ids  Omsay)  it  is  not  oertain  that  any  of  the  Beinn 
na  SeamzBig  grits  emerge  from  beneath  the  Moine  thrust  nntil 
the  head  ox  .ult  a'  Hhnilinn,  west  of  Ostaig.  Some  mansive 
grits,  however,  nearLoob  Mhio  Charmiehael  may  pnsi^ibly  belong 
te  tills  anb-divintm. 

The  only  ooast-seoticnu  in  which  this  sub-divisiou  is  exposeil 
axe  dioee  in  Kyle  Bhea,  and  in  these  the  rocks  are  much  more 
altered  than  farther  sonth-west. 

Host  of  the  grits- near  the  top  of  Beinn  na  Seamraig  are  mafl- 
sIto,  finegrained,  and  of  a  greenish-grey  colour,  but  they 
weather  with  a  p^e-bnft  omst.  The  clastic  grains  do  not  often 
exceed  the  size  of  peas.  Many  of  the  quarts-grains  are  opalescent 
and  of  a  pale-blue  colour.  On  the  coast  300  yards  south  of  the 
foot  of  Allt  a'  Choire  Bhuidhe  {one  mile  north  of  Kylerhea), 
we  noticed  some  pebbles  containinp  both  quartz  and  felspar,  and 
others  that  resembled  jasper.  Some  of  the  finer  grits— for 
instance,  those  on  the  north-east  side  of  the  burn  about  1000 
yards  east  of  Beinn  Bheag — show  tbin  dark-grey  streaks  contain- 
ing clastic  grains  of  some  black  iron  ore.  Occasionally  the  grits 
are  so  fine-grained  and  compact  as  to  resemble  quartzite,  as  may 
be  seen  on  the  south  side  of  Beinn  Bhuidhe  and  on  the  coast  50 
yards  south  of  the  foot  of  Allt  a'  Choire  Bhuidhe :  the  colour 
of  these  bands  is  a  greenish-grey,  not  white. 

Specimen  7679,  of  a  considerably  altered  grit  from  the  shore 
a  little  more  than  three-quarters  of  a  mile  W.N.W.  of  the  south 
end  of  Bemera,  has  been  analysed  by  Mr  Teall  with  the  follow- 
ing result: — 
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Intercalated  shale-bands  are  seen  near  the  top  of  Ben  Aslak^ 
a  third  of  a  mile  north-east  of  the  top  of  Beinn  na  Seamraig,  and 
at  many  other  places  near  the  top  and  bottom  of  the  sub-division. 
They  are  always  closely  mixed  with  laminae  of  sandy  or  gritty 
material,  and  generally  weather  with  a  somewhat  deeper  brown 
tint  than  the  grits  with  which  they  are  intermixed.  Near  the 
top  of  the  sub-division  the  proportion  of  shale  usually  increases 
upward  in  the  series,  and  in  most  places,  particularly  near  the 
head  of  Glen  Arroch  and  AUt  Eas  a'  Mhuic,  the  top  itself  is  con- 
sequently ill-defined. 

At  the  head  of  Loch  Eishort  the  dip  is  constantly  north-west, 
though  the  amount  varies.  There  is  no  reason  to  suspect  here  a 
repetition  by  folding.  The  width  of  the  Beinn  na  Seamraig  out- 
crop being  not  less  than  a  mile,  the  estimated  thickness  of  the 
sub-division  is  2600  feet.  In  areas  further  to  the  north-east  it  is 
also  necessary  to  admit  a  great  thickness  of  these  strata. 

d.  Kinloch  Bed  s. — The  strata  between  the  Beinn  na 
Seamraig  grits  and  the  Applecross  group  are  well  seen  near 
Kinloch,  at  the  head  of  Loch  na  Dal ;  hence  the  name  of  that 
place  has  been  taken  to  designate  them.  The  proportion  of  shale 
in  this  sub-division  is  probably  less  than  that  of  grit,  but  con- 
siderably greater  than  that  in  the  sub-divisions  above  and  below. 
The  Kinloch  Beds  cover  more  ground  in  Skye  than  any  other 
member  of  the  Diabaig  group,  and  about  the  same  as  the  Apple- 
cross  rocks.  Their  chief  outcrop  extends  from  Loch  Alsh  to  the 
northern  tributaries  of  Abhuinn  Glinne  Mheadhonach — a  dis- 
tance of  16  or  17  miles  in  a  south-westerly  direction.  It  then 
bends  to  the  north,  but  at  Tokavaig  twists  oack  into  its  previous 
course,  and  runs  out  to  sea  between  Ob  Gauscavaig  and  Tarska- 
vaig  Bay.  All  the  islands  in  this  bay,  except  Sgeir  Fhada  and 
Sgeir  Biodaig,  are  composed  of  beds  belonging  to  this  sub-division, 
likewise  a  narrow  interrupted  strip  extending  along  the  coast 
for  about  a  mile  south  of  the  bay.  Between  the  Loch  an  Eilean 
north-west  fault  and  Tokavaig,  the  boundary  between  this  sub- 
division and  the  higher  rocks  is  a  thi'ust,  along  which  the  lower 
rocks  have  been  pushed  over  the  higher,  and  near  Loch  Meodal 
and  Loch  nan  Uamh  the  base  of  the  sub-division  is  covered  by 
gneiss  brought  forward  by  the  Moine  thrust.  Among  several 
small  detached  areas,  one  is  found  in  the  upper  part  of  Ailt  a' 
Mhuilinn  and  four  in  the  complicated  region  near  Ord. 

Coast-sections  in  which  tho  Kinloch  Beds  may  be  examined 
occur  in  Loch  Alsh,  at  either  side  of  Loch  Eishort  near  the  head, 
and  between  Ob  Gauscavaig  and  Tarskavaig  Bay.  The  sections 
near  Kinloch  lie  in  deep  burns,  which  keep  along  the  strike  of 
the  more  shaly  beds  for  considerable  distances.  Grits  in  the 
division  make  the  rocky  slopes  of  Carn  an  t'  Seachrain,  Beinn  na 
Caillich,  and  Sgurr  na  Coinnich  (west  of  Kyle  Bhea).  Like  the 
other  Diabaig  grits,  these  rocks  are  harder  than  the  Applecross 
grits,  and  have  resisted  denudation  better. 

The  shales  of  the  division  bear  a  close  resemblance  to  the  Loch 
na  Dal  shales.      The  sandy  laminss  intermixed  with  the  shales 
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■n  aot.  howmir,  w  ogun  gnined,  M  a  rale,  a 
oa  Dal  difUoa,  and  Ills  oaloazwnu  lentiolea  i 


■  those  in  tile  Loch 
I  are  less  iiumeroiuj. 
Tka  wdimtniaiy  lajen  of  a^netito  and  othar  heavy  minerals 
ai^  fnthaotliarhand^iliifikarthaiLinilMLoah  na  Dal  dmgion, 
■M  tiuM  an  mraa  band^of  maidTe  fine-j^ramed  grit. 

In  Olcoi  AzTDoh  tka  width  of  ontoiop  u  about  a  mile  and  300 
ntdi,  and  the  calculated  aiinlfrtiyH  j*  3600  feet.  Between  the 
head  of  Looh  Biahort  and  Loch  na  Ital  the  thickiiess  is  probably 
ftinoreater. 

Dmerent  horinni  in  tiie  diTudon  ■my  conaiderably  in 
diaraotar,  aad  in  aoma  idaoea  there  are  veiy  thick  grits.  In  the 
naj^Uwroritood  tA  Kinlooh  there  are  thiok  grite  uear  the  top  of 
the  dninant  and  the  bmmdaiy  between  the  Kinloch  and  the 
AmdeoroM  nxdn  repieaents  a  boundaiy  between  different  types  of 
gm  rather  tikaa  between  grit  and  shale. 

" fToia™ 


On  the  wmth  nde  of  1 


kavaig,  after  pantng  through  the  y 
'  'ita  Kinuict 


nge  bade  between  the  AmileoroM  and  UieKinlbch  beds,  we  reach 
*    '  *  '      it  oonnderable  tiu^ 


awtof  ■haletofconaiderablettififcneei.  Below  these,  but  in  their 
pteaMit  position  over  them,  aa  all  the  beds  in  this  locality  are 
mferted,  there  is  a  series  of  grits,  fine-grained,  spotted,  and  ri>d 
or  ittddJah-lirown  in  ookmr;  bands  of  shale  occ^ur  between  the 
ffitts,  but  the  jwoportion  of  gpi  thnmghoot  a  horizon  800  or  900 
leek  diick  is  eridenthr  lai^. 

In  apseinien  5068,  from  a  grit  a  nule  W.S.W.  of  Sgurr  tiu 
tVdmuuk,  gntins  of  oligoolase  are  more  abondaut  than  in  the 
A|^eoraai  Deds,  but  thi^  are  accompanied  with  grains  (}f  micr^ 
diu  and  mioroperthite.  In  specimen  5069,  from  a  fine  grey 
grit  near  the  head  of  Allt  na  Fairofraoich  (two  and  s  half  mile's 
aauth  of  Kyle  Akin),  the  same  three  felspars  occur. 

The  beds  near  the  top  and  bottom  of  the  sub-division  usually 
contain  the  greatest  proportian  of  shale.  The  best  sections  of 
the  ahaly  beds  near  the  top  are  to  be  seen  on  Rudha  Ard  Treshnish 
(Kyle  Akin),  at  the  head  of  Loch  Eishort,  near  Mullach  an 
Achaidh  Mhoir,  and  near  the  centre  of  Ob  Gauscaraig.  At  the 
first  two  places  impure  calcareous  lenticles,  resembling  those  in 
the  Loch  na  Dal  division,  are  common.  The  shaly  beds  near  the 
base  appear  near  Kudha  na  Caillich,  three-quarters  of  a  mile 
south  of  Sgurr  na  Coinnich,  and  in  bums  near  Kinloch.  It  is 
doubtful  whether  calcareous  lenticles  occur  in  these  beds.  The 
grits  interbedded  with  the  shales  near  the  base  contain  dark  layers 
of  heavy  clastic  grains,  which  sometimes  include  so  many  of 
magnetite  as  to  disturb  the  compass  at  a  distance  of  a  few  feet. 
One  layer  of  this  kind,  detected  in  a  grit  about  100  yards 
slightly  north  of  east  from  Sgurr  na  Coinnich,  is  from  an  inch  to 
an  inch  and  a  half  thick,  but  cannot  be  traced  more  than  a  few 

iards.  A  specimen  (5071)  from  this  layer  is  divisible  into  two 
alvea,  one  of  which  attracts  the  north  pole  and  repels  the  south 
pole  of  the  compass,  while  the  other  does  the  opposite ;  the 
dividing  plane  is  oblique  to  the  bedding.  Mr.  Allan  Dick,  who 
has  been  so  good  as  to  examine  the  rock  for  the  Survey,  reports 
that  the  rock  contains  27.5  per  cent,  of  metallic  iron,  equivalent 
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to  37.97  per  cent,  of  magnetite.  The  microscopic  elide  shows 
magnetite  in  crystals  and  crystal  groups,  zircon,  a  brown  sub- 
stance apparently  in  part  micaceous,  and  a  little  quartz  cmd 
felspar.  This  layer  dips  south-east  at  about  34^.  A  second 
layer,  noticed  in  a  grit  on  An  Sgulan,  is  in  one  place  eix  inches 
thick,  but  the  lower  part  is  not  so  rich  in  magnetite  as  the  rest. 
This  layer  occurs  about  200  or  300  feet  above  the  base  of  the  sub- 
division, and  is  probably  on  about  the  same  horizon  as  that  on 
Sgurr  na  Coinnich.  Thinner  layers,  rich  in  magnetite  and  other 
heavy  minerals,  are  not  uncommon  at  higher  horizons. 

In  spite  of  the  false-bedding,  tiie  sub-division  generally  con- 
tains such  distinct  alternations  of  material  along  bedding  planes 
that  there  is  seldom  any  doubt  about  the  true  dip,  and  in  this 
respect  it  offers  a  striking  contrast  to  the  Applecross  group. 
Ripple-marks  are  common  on  the  surfaces  of  the  finely-laminated 
sanastones  and  sandy  shales.  They  have  been  unusually  well 
exposed  on  the  coast  south-west  of  Ob  Gauscavaig.  Clastic  scales 
of  white  mica  are  abundant  on  many  of  the  same  surfaces. 
Rain-pitted  shales  may  be  seen  in  the  bum  north-east  of  Kinloch. 

(2)  Applecross  Group, — The  arkoses  or  grits  of  this  sub- 
division form  a  band  which,  stretching  south-westward  across 
the  island  from  Kyle  Akin  to  Loch  an  Eilean,  in  Loch  Eishort,  is 
covered  unconformably  on  the  north-western  side  by  the  Mesozoic 
rocks,  and  on  its  south-eastern  margin  is  succeeded  by  the  Kin- 
loch Beds,  which  lie  conformably  below.  In  a  south-westerly 
direction  from  the  road  between  feroadford  and  Isle  Omsay  the 
breadth  of  the  band  decreases,  until  on  the  north-eastern  side  of 
Loch  ah  Eilean  it  hardly  amounts  to  three-quarters  of  a  mile. 
A  large  fault,  which,  with  downthrow  to  the  north-east,  crosses 
Loch  Eishort,  through  Loch  an  Eilean,  and  runs  up  the  burn 
between  Ben  Vokie  and  Monadh  Morsaig,  has  had  the  effect  of 
lifting  up  on  its  south-western  side  a  thrust-plane,  together  with 
a  group  of  rocks  that  lie  below  this  plane,  while  on  its  north- 
eastern side  these  underlying  rocks  are  hidden  under  the  Torri- 
donian  strata  which  overlie  the  plane.  This  set  of  lower  rftcks, 
much  disturbed  by  thrusts  and  folds,  includes  several  isolated 
exposures  of  the  Applecross  group.  The  thrust-plane  has  been 
folded  into  an  anticline  along  an  axis  striking  north-eastwards. 
On  the  west  side  of  the  western  limb  of  this  folded  thrust  another 
detached  band  of  Applecross  beds  forms  Sron  Daraich  and  Druim 
Dubh,  on  the  south  side  of  Loch  Eishort,  and  i*uns  out  to  sea  at 
Ob  Gauscavaig.  It  lies  above  the  thrust-plane,  and  may  have 
been  continuous  with  the  Kyle  Akin  and  Loch  an  Eilean  band 
before  the  formation  of  the  fault  which  crosses  the  loch.  The 
Torridonian  rocks  near  Ben  Suardal  belong  exclusively  to  the 
Applecross  group.  They  have  been  thrust  over  Cambrian  lime- 
stone, and  the  thrust-plane  below  them  has  been  folded  into  an 
anticline  with  an  axial  plane  striking  N.N.E. 

The  best  sections  of  the  Applecross  group  in  Skye  are  to  be 
seen  on  the  coast  between  Ob  Lusa  and  Kyle  Akin  and  on  the 
north-east  side  of  Loch  an  Eilean.     The  most  common  rock  is  a 
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chocolate  or  purple-red  arkose  or  grit,  in  which  the  larger  eraius, 
chiefly  consisting  of  red  felspar  and  quaiiz,  do  not  exceed  me  size 
of  a  small  mustard  seed.  Occasionally — as,  for  instance,  on  the 
coast  a  quarter  of  a  mile  north-west  of  Sgeir  Gormul — coarser 
bands  may  be  noticed,  in  which  the  grains  are  as  large  as  peas, 
but  for  the  most  part  the  rocks,  here  as  in  the  Loch  Carron  dis- 
trict, are  finer  in  grain  than  those  of  the  same  group  in  Apple- 
cross  and  in  the  country  further  to  the  north.  The  quartz- 
grains  are  often  somewhat  opalescent.  Grains  and  pebbles  of 
composite  rocks  are  common.  Though  generally  smaller  than  in 
more  northerly  districts,  they  yet  frequently  exceed  in  size  any 
of  the  quartz  and  felspar  grains  whicn  occur  in  company  with 
them,  some  of  them  being  an  inch  in  length.  Among  the 
materials  of  these  composite  pebbles,  pegmatite,  red  felstone,  red 
porphyrite,  arkose,  vein-quartz,  jasper,  and  pink  and  purple 
quartzite  have  been  observed. 

False-bedding  is  so  prevalent  and  marked  that  the  true  dip  can 
often  only  with  difliculty  be  determined.  Here,  as  in  the  other 
districts  already  described,  the  minor  laminae  within  the  thicker 
beds  are  sometimes  arranged  in  irregular  curves,  while  the  sur- 
faces of  these  beds  retain  a  uniform  slope.  (See  Fig.  13.)  Good 
examples  of  this  structure  may  be  seen  on  the  coast  near  Kvle 
House ;  likewise  on  the  east  side  of  Loch  Lonachan  (three  miles 
south  of  Broadford),  near  the  upper  end,  where  the  curved 
lamination  is  shown  by  thin  streaks  with  many  black  clastic 
grains.  Similar  streaks  are  common  throughout  the  group. 
Characteristic  instances  of  these  can  be  observed  in  the  south- 
eastern part  of  Eilean  Heast  (Loch  Eivshort).  In  a  specimen 
from  the  northern  coast,  a  quarter  of  a  mile  south-west  of  Ob 
AUt  an  Daraich  (two  and  a  half  miles  W.8.W.  of  Kyle  Akin), 
some  layers  are  composed  mainly  of  quartz  and  felspar  with 
epidote  and  a  little  chlorite,  while  the  dark  layers  contain  a  great 
number  of  grains  of  ilmenite  and  epidote.  Other  forms  of  iron- 
ore  have  also  been  observed  to  be  disseminated  in  the  Applecross 
group  of  Skye.  Thin  streaks  and  lenticles,  oflen  about  an  inch 
thick,  of  a  deep  purple  tint,  can  frequeully  be  seen  to  keep 
parallel  with  the  bedding,  as  in  Eilean  Heast,  on  Loeli  Eishort, 
and  on  the  northern  coast  350  yards  li.S.E.  of  15ogha  an  t- 
Sasunnaich  (two  miles  west  of  Kyle  Akin).  Nearly  half  a  mile 
E.X.E.  of  the  market  stance,  Skulamus  (two  miles  E.S.E.  of 
Broadford),  thin  lamina?  of  haematite,  hardly  ^;\y-inch  thick, 
have  been  noticed,  also  running  parallel  to  the  bedding.  Scars 
formed  of  rocks  of  this  group  often  weather  with  more  rounded 
outlines  than  do  those  formed  of  the  Diabaig  grits.  Some 
exposures  show  spots,  about  the  size  of  a  pea,  and  of  a  brighter 
red  tint  than  the  matrix,  which  are  probably  of  the  same  nature 
as  those  already  referred  to  in  the  Diabaig  gritvS.  Thin  cal- 
careous lenticles  have  been  observed  in  the  grits  on  tlie  coast  -JGO 
yards  S.S.E.  of  Bogha  an  t-Sasunnaich  and  a  few  neighbouring 
localities. 
Besides    the   predominant    sandstones    and    grits    or   arkoses, 
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subordinate  thin  bands  of  shale  may  be  observed  on  various 
horizons  in  the  group.  These  are  red,  purple,  or  green  in  colour, 
but  towards  the  base  of  the  group  are  of  a  dark-grey  tint,  and 
they  then  resemble  those  of  the  underlying  Kinloch  ^eds. 

The  breadth  of  the  Applecross  group  between  Skulamus  and 
the  outcrop  of  the  Kinloch  sub-division  near  Allt  Cul  Airidh 
Lagain  is  about  two  and  a  quarter  miles,  and  the  calculated 
thickness  of  strata  amounts  to  5000  feet ;  but  as  the  top  of  the 
group  has  not  been  detected  anywhere  in  Skye,  it  is  impossible 
to  say  how  much  of  the  original  depth  of  the  group  here  is  no 
longer  to  be  seen. 

The  only  part  of  the  group  which  seems  appreciably  altered  by 
dynamo-metamorphism  lies  near  Kyle  Akin  and  between  Kyle 
Akin  and  Ob  Allt  an  Daraich.  The  alteration  is  there  shown  by 
the  occasional  presence  of  cleavage,  and  of  thin  veins  of  quartz 
with  specks  of  felspar.  Traced  diagonally  across  the  strike  from 
Kyle  Akin  towards  Ob  Allt  an  Daraich,  the  strata  show  a 
diminution  both  of  the  cleavage  and  of  the  veins,  as  if  the  meta- 
morphic  change  were  dying  out  in  a  north-westerly  direction. 
Towards  the  south-west,  along  the  strike  of  the  strata  from 
Kyle  Akin,  the  cleavage  and  the  quartz-veins  in  like  manner 
become  less  prominent ;  they  were  not  noticed  either  in  Allt  Mor 
or  at  the  head  of  Loch  Eishort,  nor  anywhere  else  in  the  Apple- 
cioss  group  of  Skye.  Many  of  the  veins  of  quartz  and  felspar 
contain  a  little  chlorite  also.  While  most  of  them  are  less  than 
an  inch  wide,  some  reach  a  width  of  six  inches.  They  are  well 
seen  a  little  west  of  Caisteal  Maol  (Kyleakin),  and  near  Kyle 
House,  where  they  generally  incline  to  the  north-west,  and,  though 
of  short  extent  individually,  are  closely  crowded  together  in  certain 
bands  of  rook. 

Near  the  base  of  the  Mesozoic  rocks,  the  Applecross  arkoses 
appear  to  have  been  deeply  weathered  and  jointed  prior  to  the 
deposition  of  these  overlying  sediments,  and  they  have  also  been 
partially  stained  with  a  deep  Indian  red  colour.  In  the  area 
between  Glac  an  Skulamus  (two  miles  south-east  of  Broadford)  and 
the  head  of  Allt  Garbh,  and  at  the  sides  of  Allt  Lochan  Dubh  na 
Brie,  the  chief  joints  and  splitting  planes  are  of  a  deep  Indian  red 
tint,  while  the  heart  of  the  rock  is  paler  and  presumably  free  from 
staining.  In  some  places,  for  example  near  the  bridge  over  Abhuinn 
Ashik  (three  miles  east  of  Broadford),  and,  again,  nearly  a  third  of 
a  mile  north-east  of  the  outlet  of  Loch  Buidhe  (two  miles  and  a 
half  south  of  Broadford),  the  arkoses  are  crossed  by  so  many 
irregular  calcareous  streaks  and  veins  of  limestone,  the  substance 
of  which  has  no  doubt  been  derived  by  percolation  downwards 
from  the  overlying  Mesozoic  beds,  that  the  plane  of  junction  be- 
tween the  arkoses  and  these  overlying  beds  is  not  readily  ascer- 
tained. 

At  the  sides  of  many  of  the  Tertiary  dykes,  the  Applecross  beds 
assume  a  somewhat  conchoidal  fracture  and  a  dirty  buff  or  straw 
colour  like  that  already  noticed  as  conspicuous  in  the  Crowlin 
Isles  and  elsewhere.      Much  the  same  colour  is  also  found  near 
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certain   liiiea    of   crush  and  the  Heii  SottT^  thnist-plane.      In 
certain  placoa  near  Broatlford,  as,  for  itutanoe,  iii  Allt  a'  Mhiiilinn 
andon  thehillaidehalf  a  mile  S.S.W.ttf  the  Bitablished  Church, 
they  have  assumed  the  above  colour  in  tbeir  general  i 
have  aiao  been  veined  and  spotted  with  gKOn  epidote, 
in  oonwitjtience  of  the  influence  of  some  nnderif  ing 
tiary  igneous  rock  which  is  not  exposfld. 


itablished  Church,  _ 
general  mass  and  J 
sidote,  presumably  B 
ring  mass  of  Ter-^fl 


PART   III.— CAMBRIAN 

SECTION  I. 


CHAPTER  XXU. 

GENERAL  ACCOUNT  AND  DISTRIBUTION  OF  THE 
SYSTEM  IN  THE  NORTH-WEST  HIGHLANDS*, 
WITH  A  DISCUSSION  OF  THE  CONDITIONS  OF 
DEPOSIT  INDICATED  BY  THE  STRATA.! 

The  detailed  examination  of  the  region  between  Durness  and 
Skye  has  furnished  ample  evidence  of  the  unconformability 
between  the  Torridon  Sandstone  and  the  overlying  Cambrian 
formations,  originally  established  by  Professor  Nicol  and 
independently  by  Sir  Henry  James.  From  the  relations  of  the 
strata  it  is  obvious  that  the  conditions  of  sedimentation  which 
prevailed  in  Torridonian  time  were  interrupted  throughout  the 
North- West  Highlands,  and  that  thereafter  important  move- 
ments of  the  terrestrial  crust  here  took  place,  followed  by 
extensive  denudation  of  the  pre-Cambrian  rocks.  As  already 
indicated,  the  denuded  surface  thus  produced  differs  widely  from 
the  deeply-eroded  surface  of  Lewisian  gneiss  beneath  the 
Torridon  Sandstone.  Instead  of  an  undulating  plateau  carved 
into  hills  and  valleys,  the  platform  on  which  the  Cambrian  strata 
were  deposited,  composed  in  certain  areas  of  Lewisian  gneiss, 
in  others  of  Torridon  Sandstone,  and  in  some  cases  partly  of  both, 
was  reduced  to  a  great  plane  probably  of  marine  denudation. 
(See  Plate  XXXIII.) 

The  persistence  of  this  plane  is,  indeed,  one  of  the  prominent 
structural  features  of  the  region.  That  it  represents  the  sea- 
floor  on  which  the  Cambrian  sediments  were  laid  down  may  be 
confidently  inferred.  Where  the  Cambrian  basal  beds  rest  on 
the  gneiss  the  latter  has  undergone  a  peculiar  phase  of  decom- 
position ;  in  particular  the  felspar  has  been  changed  into 
agalmatolite,  as  noted  by  Professor  Heddle.  Where  they  lie  on 
Torridonian  strata  the  latter  are  bleached  and  the  feLspars  are 
kaolinised,  thus  contrasting  in  a  marked  degree  with  the  normal 
development  of  the  red  sandstone.  Lastly,  a  fine  conglomerate 
or  pebbly  grit,  from  a  few  inches  to  two  feet  in  thickness,  occurs 
at  their  base. 

In  certain  sections  in  Ross-shire,  where  the  red  sandstones  and 
overlying  Cambrian  strata  dip  in  the  same  general  direction,  and 
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where  there  is  no  great  differfuco  in  tliu  angle  of  iiiclinatiou  o! 
the  respective  beds,  the  discordance  is  not  readily  detected.  But 
such  iastances  are  exceptional.  As  a  rule,  the  red  sandstones  are 
either  horizontal  or  inclined  to  the  E.S.E.  at  lower  angles  thau 
the  quartzitea,  and  hence  they  are  transgressed,  bed  after  bed, 
by  the  basal  quaiizites,  which  evflnlually  come  to  lie  directly  on 
the  Lewisiau  gneiss.  This  doiiiJe  unconform ability  is  admir- 
ably displayed  on  the  slopes  of  Hen  Garbh,  along  the  southern 
shore  of  Loch  Assynt,  and  on  Caniip.  (See  Fig.  36,  which  given 
a  section  from  Ganisp  by  Breabng  to  lUver  Oykei). 

In  the  rock-masses  displaced  by  tile  post-Cambrian  movements. 
coniirmattiry  evidence  is  obtained  (d  tlie  unconformable  relation 
between  the  Torridonian  and  Cambrian  strata.  The  detailed 
mapping  of  the  region  has  proved  tlat  the  original  eastern  limit 
of  the  red  sandstones  lay  far  to  the  east  of  the  areas  not  affected 
liy  these  movements.  In  Assynt,  Snthcrlandshire,  the  disrupted 
materials  contain  represent  at  ive.s  of  the  Applecross  and  Diabaig 
groups  of  the  Torridon  Sandstune  with  the  conglomerate  at 
their  base.  These  are  overlain  by  the  Cambrian  quailzite*, 
which  psbsa  transgressively  acroM  the  red  sandstones  to  tho 
Leffiaian  gneiss,  thus  furuishiuj  excellent  examples  of  the 
double  unconformability.  Similar  relations,  though  on  a  less 
conspicuous  scale,  have  been  recofded  in  Roaa-shire.  Again,  in 
some  of  the  thrust  masses  outliers  <rf  red  sandstone  occur,  ludicat- 
ing  marked  erosion  in  pre- Torridonian  time. 

It  is  obvious,  therefore,  that  during  the  interval  which 
elapsed  between  the  deposition  of  the  Tomdon  Sandstones  and 
Cambrian  quartzites,  the  former  were  thrnwn  into  a  series  of 
gentle  folds ;  a  vast  thickness  of  them  was  then  removed,  so  as  to 
expose  the  Lewisian  rocks  over  wide  areas,  and  the  surface  of  the 
region  was  reduced  to  a  fairly  uniform  plane,  as  shown  in  the 
accompanying  diagram.     (Fig.  16.) 
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A  remarkable  feature  of  the  Cambrian  series  of  strata  in  the 
North- West  Highlands  is  the  uniformity  of  their  order  of 
succession  along  the  narrow  belt  extending  for  100  miles  from 
Loch  Eireboll  to  Skye.  All  the  important  zones,  and  even  the 
minor  sub-divisions,  have  been  traced  with  little  variation  in  their 
reepective  thickneBsee  throughout  that  region. 
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The  Cambrian  sediments  form  three  well-marked  divisions :  — 
A,  a  lower  arenaceous  series  composed  wholly  of  quartzites,  the 
upper  portion  being  crowded  with  worm  burrows ;  B,  a  middle 
series,  partly  calcareous  and  partly  arenaceous,  comprising  the 
fucoid  beds  and  SalterelUi  grit ;  C,  au  upper  calcareous  division, 
including  dolomites  and  limestones.  The  discovery  of  the 
Olenelhts  fauna  in  members  of  the  middle  division  in  1891  fur- 
nished a  definite  horizon  from  which  to  work  out  the  strati- 
graphical  succession  above  and  below.  bVagments  of  OleneUus 
have  been  found  in  the  fucoid  beds  at  various  localities  along 
the  line  between  Loch  EireboU  and  Sleat  in  Skye,  thus  proving 
beyond  doubt  the  continuity  of  the  zone. 

In  certain  areas  in  the  counties  of  Sutherland  and  Ross  the 

Eipe-rock  zone  of  the  quartzite  has  been  divided  into  five 
orizons,  in  accordance  with  the  nature  of  the  worm  burrows  and 
the  lithological  character  of  the  strata.  At  the  top  of  the  third 
sub-zone  (see  Part  III.,  Section  IV. — vertical  section  showing 
horizons  of  intrusive  rocks  in  Cambrian  strata),  a  massive  band 
of  quartzite  has  yielded  Salierella  similar  to  that  found  in  the 
Salterella  grit.  This  discovery  links  the  quartzites  with  the 
Olenelhis  zone,  and  hence  the  base  line  of  the  Lower  Cambrian 
division  has  been  drawn  at  the  bottom  of  the  arenaceous  series. 

The  succession  of  dolomites  and  limestones,  with  an  aggregate 
thickness  of  about  1500  feet,  has  been  arranged  in  seven  groups. 
The  lowest  of  these  (Ghrudaidh  group)  has  been  further  sub- 
divided into  several  zones,  of  which  the  most  important  are  the 
two  bands  of  dolomite  charged  with  Salterella.  The  upper  limit  of 
the  Lower  Cambrian  formation  has,  therefore,  been  placed  in  this 
sub-division  above  the  horizon  of  these  fossiliferous  bands. 

The  total  thickness  of  Cambrian  strata  in  the  North-West 
Highlands  is  about  2100  feet.  The  various  sub-divisions  into 
which  the  whole  series  has  been  grouped  are  given  in  descending 
order  in  the  subjoined  tabular  statement :  — 

VERTICAL  SECTION  OF  CAMBRIAN  STRATA. 
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Group. 
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VI.  Croisaphuilly 
Group. 


Fine-grained  light  grey  dolomites  and  lime- 
stones, with  an  occaj^ional  fossiliferous 
band. 

^  c.  Fine-grained,  cleaved,  lilac-coloured  lime- 
stones, full  of  flattened  worm-casts ; 
fossils  distorted  by  cleavage. 

/*.  Alternations  of  black,  dark-grey  dolomite 
and  white  limestone,  with  an  occasional 
fossiliferous  band,  like  zone  (a)  of  this 
group. 


V. 


n.  Massive  dark-grey  dolomite  and  limestone, 
chiefly  composed  of  worm-casts,  which 
proj  ect  above  the  matrix  on  the  weathered 
surfaces.  Near  the  base  are  several  lines 
of  siiiall  chert  nodules.  This  is  one  of 
the  most  highly  fossiliferous  zones  in  the 
Durness  basin. 


Oronp. 


OamMtm  Strim. 
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'filliimll»«M  of  itA  and  light-grey  dulomite, 
with  aoow  bknds  of  Uiaestone,  highly 
filillriiiiHIl.  occasioiulimpure  unfoKsil- 
ifomu  by«n  with  dark  cherty  nxilulea. 
HJoat  of  tb»  hedn  aru  distinctly  cleaved 


U.  SloMtDaUi 
Gxaap, 


Ftiu  panolu  clolomitGs,  alternating  near  the 
top  vitll  Ulin  baodn  of  cream-cola  ursd  or 
pink  SmmtOBie.  Near  tho  base  are  two 
or  man  baitda  of  white  chert,  one  of 
iriiidi  ii  About  five  feet  thick. 

•kauUjr  fowl&mu,  duqjid  iritt  duk 
woRiL-«HliiV  Mt  in  ft  «M>  matrix ;  kifs 
rabanidal  iBMMa  el  wen  naar  tlM  bsM. 
Thu  loek  is  hxaHj  known  am  "Iba 
Loopud  Stona." 

;  Fina-gnimod,  wUta,  Saggj,  -i-r""**"**  ddo- 
mttM  and  Umaatonai,  with  chart  banda 


rlaadannxdoond  ddkirai 
mottted,  altannting  nc 
white  Umaatono.  Abon 
tha  baae  than  ia  a  thin 
ohaiged  with  SattcnBa 
a  nxnUar  band  ooenra  at 


bstMwia 


5     r'UpperZone. 


p.; 


upper  Zone.    ^ 

I 


it  thirty  faat  bom 
than  ia  a  thin  band  oF  dnlnmito 
with  SaUmOa  (SorpolitoaX  and 
at  the  baae. 

At  the  baae  liea  a  inaaaiTe  band  of  qnartaito 
and  grit,  paaaing  upwards  into  oariona 
dolomitic  grit,  crowded  in  patches  with 
SttiUrtUa,  more  eB[>eCiall;  in  the  decom- 
posed  portions  ("Sorpulite  Grit"). 

Dolomitic  Hholes,  mudstones,  and  dolomitic 
bands,  weathering  with  a  rusty  colour, 
traversed  by  numerous  worm -casta, 
usually  flattened  and  resembling  fucoidal 
impressions,  yielding  OieneUut,  SaUtr- 
tUa,  Hyolithtt,  &c.  Lenticular  beds  of 
fla^^  dolomitic  srit  and  quartssite  are 
1,.  lorad^r  developed  ("  Fucoid-Deds  "), 

('Upper  fine-grained  quartriteH,  perforated  bjr 
vertical  worm-coata  and  burrows  (Seoli- 
thtu),  which  become  more  numerous  to- 
wards the  topotthezone^"Pipe-rock"). 
This  zone  has  been  sub-di/ided  into  five 
sub-zones,  each  distiuffuished  by  its 
peculior  type  of  "pipes. 

Lower  false-bedded  flaggy  grits  and  quartzites, 
composed  of  grains  of  quartz  and  felspar. 
At  the  base  there  is  a  thin  brecciated 
cotiKlomerate,  varying  fruiii  n  fow  inches 
toabuuttwofoet  in  thickness,  containing 

Cibbles  chiefly  of  quaitz  and  Febipar,  the 
rgest  measuring  abi>ut  two  inches  in 
diameter. 
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In  the  continuous  belt  of  Cambrian  strata  that  stretches 
throughout  the  counties  of  Sutherland  and  Boss  from  Loch 
EireboU  to  Loch  Kishorn,  a  well-defined  line  separates  the  un- 
disturbed strata  to  the  west  from  those  which  have  been  affected 
by  the  post-Cambrian  movements  to  the  east.  Owing  to  these 
displacements,  the  width  of  this  belt  varies  considerably.  On 
referring  to  the  geological  map  accompanying  this  memoir,  it  will 
be  seen  that,  for  many  miles  to  the  north  and  south  of  Loch 
Broom,  it  is  less  than  a  mile  across,  while  in  the  mountainous 
region  of  Assynt,  where  Cambrian,  Torridonian,  and  Lewisian 
rocks  have  been  repeated  by  successive  thrusts,  it  is  about  eight 
miles  broad. 

The  prominent  members  throughout  this  belt  are  the 
quartzites,  which,  in  the  area  unaffected  by  the  great  lines  of 
thrust,  give  rise  to  conspicuous  features  in  the  landscape,  some- 
times appearing  as  outliers  capping  lofty  mountains  of  Torridon 
Sandstone  or  Lewisian  gneiss,  and  again  forming  gently-inclined 
slopes  dipping  towards  the  E.S.E.  They  have  likewise  a 
remarkable  development  in  the  displaced  masses  in  Assynt  and 
throughout  the  tract  of  deer  forest  between  Einlochewe  and 
Strathcarron. 

The  so-called  **Fucoid-bed8,"  40  to  50  teet  thick,  are  frequently 
concealed  by  a  covering  of  vegetation,  and  hence  good  sections, 
particularly  of  the  higher  bands  that  yield  the  OleneUus  fauna, 
are  rare.  Nevertheless,  owing  to  the  composition  and  structure 
of  the  dolomitic  shales  and  their  mode  of  weathering,  their  out- 
crops are  readily  traced  alike  in  the  undisturbed  and  disrupted 
areas.  The  exposures  that  have  furnished  the  best  preserved 
specimens  of  Oleicellus  and  its  associates  occur  in  the  unthrust 
area  in  the  Dundonnell  and  Kinlochewe  deer  forests,  but  the  same 
zones  are  frequently  to  be  met  with  in  the  displaced  masses  on 
the  mainland,  though  organic  remains  in  such  cases  are  not 
readily  found. 

In  like  manner  the  Serpulite  (Salterella)  grit,  about  30  feet  thick, 
forms  a  well-marked  horizon  from  Loch  EireboU  to  Loch  Kishorn, 
where  it  usually  gives  rise  to  a  small  escarpment  between  the 
underlying  fucoid  beds  and  overlying  basal  limestone. 

The  distribution  of  the  dolomite  and  limestone  in  the  counties 
of  Sutherland  and  Ross  is  of  special  interest,  as  it  illustrates  the 
complicated  geological  structure  of  that  region.  In  the  Durness 
basin  on  the  north  coast  of  Sutherland,  where  the  Cambrian 
strata  have  been  disconnected  from  those  at  EireboU  by  faulting 
and  denudation,  the  dolomite  and  limestone  form  the  pre- 
dominant members.  Indeed,  nowhere  else  in  the  North- West 
Highlands  do  we  find  the  complete  sequence  of  the  calcareous 
series  given  in  the  foregoing  vertical  section.  In  that  isolated 
area  there  are  excellent  exposures  of  the  two  richly  fossiliferous 
sub-divisions.  (Group  V.,  Balnakeil,  and  Group  VI.,  Croisa- 
phuill.)  But  along  the  line  of  complicated  structure  between 
Loch  EireboU  and  Loch  Kishorn  the  dolomite  and  limestone 
usually  appear  as  lenticular  strips  or  patches,  save  at  EireboU 


8AS  Oambritm  Serim. 

HoaM,  at  TimljimJ«m#^  %ai  ai  Kiihoni,  "riun  Ihey  occupy  coa- 
ndanUe  mn*i.  Hie  aatotopn  an  intenupiad  fcy  reversed  faults 
or  pomrfol  tlututi,  iriuok  bnng  forward  lownr  beds  or  repeat  thu 
bual  wtmm  of  tike  oaloarecnu  sniM.  Hie  liigliest  bed^  along  the 
belt  between  EiieboU  aad  Kisluim  belong  to  tie  Sttilmhor  doln- 
mitea  (Onnp  lEL,  mtical  ■eotaon,  p,  SMX  which  appears  on 
Ae  limeitoiie  plateau  oi  Liehiiadaiiifl.  IfoBunber  of  the  highly 
fonilileraw  aoites  of  DmseM  lias  jet  boBn  deteeted  along  the  line 
ti  eompliaatiaa  iit  &e  oonntiee  of  Sathnlaitd  and  Rosa.  The 
A4oo«rai  fijond  fay  lb.  Charie*  Peadi  in  Assyiit  mnst  have 
eome  firam  one  or  other  of  tke  bands  of  dolanite  charged  with 
Bahattna  at  the  baee  of  tlte  Ghmdaidh  gnmp. 

Tbalt  the  (^uiteiait  rock*  originally  extended  further  w^t  on 
tike  ■'■i^l*^"^  ie  deariy  prond  l^  die  ooenmnce  of  a  patch  of  the 

Snvtiitee  at  Adiutflmie,  bmrond  tbe  Cdjfaoh  Mouutaina, 
iie — about  nine  miles  to  tbe  weet  d  tie  existing  main 


ba«lqi 
Boai^i 

belt — ^Aere  thej  have  been  let  down  by  normal  faultij  in  the 
'  nidBt  of  Ae  Torridon  Sandstone.  In  tne  seqiel  (Part  IV.)  it 
will  be  shown  that  before  ihey  were  dismpted  and  piled  up  by 
the  post-Cambrian  morementi^  the  Cambrian  iormations  miutt 
haTe  spread  over  the  territory  for  nules  to  the  easit  of  their 
preeent  limits. 

In  Bkyt  die  members  of  this  system  have  only  a  limited  dis- 
tribotian,  being  reatiieted  to  certain  areas  near  the  Ord  in  Sleaf 
Htd  to  the  tmot  between  Bmadfind  and  Loch  Slapin.  All  these 
exposues  have  probably  been  affected  by  the  great  posf- 
Ounbrian  displaoementa.  There  is  perh^M  one  exception,  to 
'  which  attention  will  be  directed  in  the  sequel  (Fart  IT.,  Chap. 
XXXIX.)  Among  the  various  thrust  masses  in  this  islaud,  evidence 
has  been  obtained  of  the  unconformability  between  the  Torridon 
Sandstone  and  Cambrian  strata.  Near  the  Ord,  all  the  main 
Cambrian  zones,  ntugiug  from  the  basal  quartzites  to  the  Sango- 
more  dolomites  and  limestones  (Group  IV.,  vertical  section, 
p.  366)  have  been  met  with,  while  to  ihe  west  of  Broodford,  at 
Ben  Suardal,  there  are  representatives  of  the  Baln^del  and 
Croisaphuill  Groups,  as  first  pointed  out  by  Sir  A,  Geikie.* 
Indeed,  it  is  worthy  of  note  that  all  the  sub-zones  of  the  pipe- 
rock  zone  of  the  quartzite  have  been  identified  in  Sleat,  that 
fragments  of  OleneUoldes  have  been  found  in  the  fucoid  beds  in 
the  Tokavflig  bum  near  the  Ord,  and  that  a  suite  of  fossils  charac- 
teristic of  the  Balnakeil  and  Croisaphuill  zones  has  been  obtained 
from  the  dolomites  and  limestones  at  Suardal. 

Conditions  of  Deposit  indicated  hy  the  Cambrias  Stkata  or 
THE  North-West  Highlands. 

From  the  distinctive  lithological  characters  of  the  various 

Cambrian  sediments,  and  from  the  nature  of  the  enclosed  organic 

remains,   some   probable   conclusions   may   be   drawn   as   to   the 

conditions  under  which  the  Cambrian  series  of  the  North-West 

*  Quart.  Jiium.  (hoi.  Soc.,  vol,  iliv.,  p.  02. 
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Highlands  was  accumulated.  The  extensive  denudation  which 
produced  the  wide  submarine  plane  on  which  this  series  of  strata 
was  laid  down  must  have  required  a  prolonged  period  of  time  for 
its  accomplishment.  During  this  protracted  interval  the  ancient 
land,  composed  of  Lewisian  and  Torridonian  rocks,  was  planed 
down  to  the  sea-level  or  perhaps  just  beneath  it.  Upon  a  portion 
of  this  plane  which  was  being  subjected  to  eari;h-stresses,  applied 
in  a  north-west  and  south-east  direction,  and  thus  at  right  angles 
to  those  which  plicated  the  Lewisian  rocks,  the  Cambrian  coast 
line  was  determined  with  a  north-east  and  south-west  trend. 
South-east  from  that  shore  the  Cambrian  strata  were  deposited  in 
a  continuously  deepening  ocean. 

The  conglomerate,  never  exceeding  a  few  feet  in  thickness, 
which  lies  at  the  base  of  the  Cambrian  series,  is  made  up  chiefly 
of  quartz  pebbles,  which  represent  the  residue  of  the  hardest 
materials  of  the  older  rocks  beneath.  It  is  followed  by  the  lower 
quartzite,  which  over  the  whole  area  presents  a  remarkably 
uniform  thickness  of  about  200  feet,  pointing  to  the  deposit  of 
sandy  and  gravelly  sediment  parallel  to  and  not  far  from  the  shore 
line.  From  its  frequently  pebbly  character  and  its  persistent 
more  or  less  false-bedded  structure,  this  quartzite  appears  to 
have  been  accumulated  rapidly  in  comparatively  shallow  water 
subject  to  considerable  current-action.  In  the  northern  part  of 
the  region  it  contains  few  or  no  intercalations  of  shale,  but 
towards  the  extreme  south  and  south-west,  beds  of  micaceous 
shale,  sometimes  10  feet  thick,  make  their  appearance  towards 
the  base  of  the  group,  showing  that  the  "  mud-line "  was 
occasionally  reached  in  that  direction.  Few  or  no  organisms 
have  left  their  traces  in  this  quartzite  zone. 

During  the  accumulation  of  the  upper  quartzite  quieter  condi- 
tions of  deposit  seem  to  have  prevailed  in  slightly  deeper  water 
further  from  the  shore.  The  sea-floor  was  probably  subsiding 
more  rapidly  than  could  be  compensated  by  the  deposition  of 
sediment,  though  a  reversion  to  former  conditions  may  have  pre- 
vailed for  a  short  time  while  the  members  of  the  sub-zone  of  the 
**  tinimpet  pipes  "  was  being  laid  down,  perhaps  during  a  pause 
in  the  downward  movement.  After  this  episode,  however,  the 
depression  appears  to  have  been  renewed  at  a  more  rapid  rate 
than  ever,  for  the  topmost  bed  of  the  "  pipe-rock  "  is  in  places 
studded  with  glauconitic  grains,  which  are  known  to  accumulate 
in  comparatively  clear  water.  Throughout  the  whole  period  of 
time  represented  by  the  upper  quartzite  the  fine  white  siliceous 
sand  probably  settled  slowly  on  the  sea-bottom  amidst  much 
organic  matter,  with  which  it  became  so  commingled  as  to  be 
swallowed  by  millions  of  such  worm-like  creatures  as  have  left 
their  burrows  and  casts  in  vast  abundance  in  the  rock.  To  these 
cylinders  of  indurated  sand  the  name  of  '*  pipes,"  given  by 
Nicol,  from  their  fancied  resemblance  to  the  stems  of  tobacco- 
pipes,  has  generally  been  adopted  by  succeeding  geologists. 

Following  upon  the  *'  pipe-rock,"  the  so-called  "  f ucoid-beds " 
indicate  a  still  further  subsidence  and  greater  distance  from 
z 
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shore.  The  ''mud  line  "  had  now  been  xeaohed,  altiioni^  the 
■andy  dobmitio  beds  in  the  lower  portion  of  the  sone  ma^  repre- 
sent occasional  reversions  to  the  conditions  nnder  which  the 
upper  quartaiie  was  formed.  Nevertheless,  the  snocession  of 
segments  shows  that  befinre  the  uppermost  portiona  of  this  lone 
were  laid  down  the  **  mud-line  "  was  not  only  reached,  but  even 
at  times  was  overstepped,  so  that  pure  organic  deposits  were 
allowed  to  accumulate.  On  this  clear  and  tranquil  sea-bottom 
the  dead  org|anism8  were  subjected  to  the  solution  of  their  cal* 
careous  portions  and  the  partial  replacement  of  their  lime  by 
magnesian  salts  fronk  the  sea  water,  whereby  dolomitisation  was 
produced.  The  same  strata  also  contain  a  considerable  amount 
of  phosphate  of  lime,  evidently  derived  from  the  decomposed  tests 
of  such  organisms  as  trilobites  and  hingeless  brachiopods,  which 
appear  in  considerable  numbers  in  some  of  the  buids.  As  a 
further  indication  of  the  depth  and  clearness  of  the  water,  it 
may  be  added  that  glauconite  is  common  in  these  sediments. 

The  succeeding  sone  of  the  *'  Serpulite  Ghrit "  points  either  to  a 
pause  in  the  sul»idence  or  more  probably  to  a  slight  oscillation 
which  allowed  sandv  sediment  to  encroach  for  a  time  bevond  the 
''  mud*line,''  and  uius  to  restore  the  conditions  in  wnich  the 
"pipe-rock"  was  formed.  But  after  this  temporary  interrup- 
tion the  slow  subsidence  was  once  more  resumed,  as  may  be 
inferred  from  the  abundance  of  dolomitic  material  towards  the 
top  of  the  sone. 

After  the  deposition  of  the  Serpulite  Grit,  the  stratigraphical 
chronicle  ehows  that  the  depression  of  the  sea-floor  became  more 
persistent  and  quicker  in  pace,  and  thus  that  subsidence  was  con- 
siderably more  pronounced  than  deposition.  It  is  true  that  the 
few  feet  of  shale  which  lie  at  the  base  of  the  great  "  Durness 
Dolomite"  indicate  that  at  that  stage  in  the  history  the  "  mud- 
line  "  was  once  more  reached,  and  that  a  few  scattered  sand 
grains  are  still  to  be  found,  even  in  the  lowest  beds  of  the 
dolomite  itself.  But  the  overlying  great  mass  of  calcareous  and 
dolomitic  sediments,  more  than  150U  feet  in  thickness,  marks  a 
continuous  sinking  of  the  sea-bottom,  on  which  there  gathered 
organic  and  chemical  deposits  almost  free  from  terrigenous 
material.  It  further  shows  that  this  condition  of  things  con- 
tinued for  a  prodi^ously  long  period,  which,  in  palaeontological 
chronology,  as  indicated  by  the  contained  organisms,  lasted  from 
Lower  Cambrian  to  Lower  Silurian  (Ordovician)  time.  The 
main  part  of  this  thick  series  of  deposits  appears  to  be  derived 
from  the  calcareous  and  siliceous  organisms  of  the  plankton  and 
of  the  animals  that  fed  upon  the  rain  of  these  organisms  that  fell 
upon  the  bottom. 

The  condition  of  the  remains  of  the  larger  organisms,  as  will 
be  described  in  the  next  chapter,  shows  the  rate  of  deposition  to 
have  been  so  slow  that  both  the  calcareous  and  siliceous  organisms 
lay  uncovered  long  enough  to  be  in  large  measure  dissolved 
before  they  were  entombed  in  the  tardy  accumulation  of  ooze. 
If  this  has  been  the  case  with  the  more  massive   and  therefore 
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more  resisting  organisms,  it  is  tolerably  certain  that  the  minuter 
calcareous  forms  must  have  suffered  the  same  fate  in  a  still  more 
marked  degree,  and  thus  that  the  finely-divided  calcareous  mud 
which  formed  the  food  of  most  of  these  creatures  would  undergo 
continual  dissolution.  During  this  process  magnesian  salts  from 
the  sea-water  seem  to  have  been  substituted  for  some  of  the 
abstracted  calcareous  salts,  so  that  the  sediments  were  dolomitised 
upon  the  sea-bed  itself,  or,  at  least,  in  such  superficial  layers  as 
were  still  accessible  to  the  sea-water.  The  Cambrian  plankton 
may  have  contained  unicellular  calcareous  plants,  as  that  of  the 
present  ocean  does,  in  which  case  the  small  amount  of  magnesian 
salts  contained  in  these  plants  may  have  been  concentrated  by  the 
abstraction  of  the  more  readily  soluble  calcareous  matter,  and  thus 
may  have  added  to  the  percentage  of  magnesium  carbonate  in  tiie 
dolomites.  In  some  of  the  zones  the  alternation  of  limestones 
with  dolomites  may  be  explained  by  a  more  rapid  deposition  of 
the  former  than  of  the  latter.  As  further  evidence  oi  the  great 
amount  of  solution  that  took  place  upon  the  old  sea-floor, 
numerous  layers  of  detached  nodules,  and  even  continuous  sheets 
of  chert,  can  be  seen  to  have  been  formed  in  the  calcareous  muds 
before  their  compression  and  consolidation.  Some  of  these 
cherts  have  been  found  by  Dr.  George  Jennings  Hinde  to  contain 
sponge  spicules,  but  probably  most  of  the  silica  was  obtained 
from  more  simply  organised  minute  animals  and  plants  of  the 

filankton.     The  oolitic  structures  which  occur  in  some  of  the 
imestones  are  at  times  replaced  by  chert. 


CHAPTER  XXIII. 

PAl4JB0]!m>Ij06T  OF  TH£  GAMBBIAK  ST8TEM  US 
THE  NOBTH-WEST  EXOHLANI^.* 

In  ilw  premt  chapter  an  aoooimt  will  be  given  of  the 
flvgasio  ninaiiu  vhiek  lure  been  obtained  from  the  several  sub- 
dtriniMU  of  tlie  CRnLl»riB&  aeriet  -in  rtratigraphioal  order, 
beginniag  i>itk  the  oldeit  memberB. 

ZjOWBB  OAMBtoAM. 

Lower  emd  Upper  QuarinU. 

In  the  lower  quartiite  oiganio  remainB  ue  bo  nre  that  they 
btve  been  met  with  only  wA  one  place.  They  oonstst  of  the 
CTlinden  of  Band  known  as  "pipes,"  and  named  Sc^lWttts 
muorii  (Haldeman).  These  are  atbiibntahle  to  burrowing 
■anelidea,  and  they  not  only  indicate  the  preaence  of  such 
animals  dnrins  the  deposition  of  the  qoartrite,  but  also  of 
■nffiouBit  oi^anio  matter  naving  been  mixed  with  the  sand  where 
they  ooooT  to  faruiah  nontishmmt  to  the  wcnrma. 

]ji  the  apper  stme  of  the  qnartsite  these  oylindeis  become  so 
numerous  as  to  have  gained  tor  it  the  title  of  "  The  Pipe-rook." 
But,  besides  their  great  abundaace,  they  vary  so  much  in  form 
and  mode  of  occurrence  (probably  indicating  that  they  were  pro- 
duced by  different  species  of  annelides)  that  different  forms  of 
them  appear  in  a  definite  chronological  order.  Hence  successive 
sub-zones  of  the  "  pipe-rock  "  have  been  mapped  out  by  means  oi 
them. 

The  beda  of  the  lowest  sub-zone  (I.)  are  characterised  by 
"  small  pipes,"  about  one-eighth  of  an  inch  in  diameter,  which 
pass  up  through  the  somewhat  massive  beds  of  white  or  pinkish 
granular  quartzite  at  right  angles  to  the  bedding  planes,  and 
end  on  the  upper  surface  of  the  beds  in  small  cup-shaped  hollows, 
from  a  quarter  to  half  an  inch  across  the  mouth. 

In  SuD-zone  II.  the  "  ordinary  pipes  "  are  larger,  often  reach- 
ing half  an  inch  in  diameter,  while  those  of  the  imderlying  zone 
disappear. 

Sub-zone  III.  is  characterised  by  "  trumpet  pipes,"  the 
Ar»niaolitee  of  Salter.  In  these  the  cylindei-s,  when  followed 
to  the  surface  of  the  bed,  are  found  to  end  at  the  bottom  of  cup- 
shaped  depressions,  which  sometimes  measure  two  inches  across. 
Seen  in  section,  the  cylinder  can  be  observed  to  stand  np  a  little 
into  the  bottom  of  the  cup,  while  the  layers  of  the  quartzite, 
which  are  comparatively  thin  in  this  sub-zone,  are  attenuated  and 
•  By  R.  N.  Pench. 
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bent  downwards  as  they  approach  the  cylinder  in  such  a  manner 
as  to  suggest  the  operations  of  a  worm,  plentifully  provided  with 
chetse,  which  left  tne  voided  cylinder  behind  as  it  sank  down  into 
its  burrow.  An  inverted  cone-within-cone  structure  is  thus 
produced,  simulating  that  of  a  primitive  orthoceratite,  for  which, 
indeed,  these  relics  were  at  first  mistaken.  Two  forms  of 
**  trumpet  pipes,"  a  larger  and  a  smaller,  are  distinguishable  in 
the  fiela,  sometimes  associated  together  and  sometimes  separately. 
These  trumpet  pipes  do  not  occur  in  all  the  beds  of  the  sub- 
zone ;  but  tne  ordinary  '*  pipes,"  like  those  of  Sub-zone  II.,  are 
to  be  found  throughout  the  zone,  and  are  by  far  the  most 
abundant.  In  addition  to  these  worm-casts,  a  small  hollow 
conical  calcareous  fossil,  named  Serpulites  Mdcctdlochii  by 
Salter  after  its  first  discoverer,  and  now  supposed  to  belong  to  the 
tubicolar  annelides,  was  found  by  Mr.  H.  M.  Cadell  in  the  rocks 
at  the  top  of  this  sub-zone  in  the  Reay  Forest,  near  Loch  Stack,  in 
Sutherlandshire.  This  fossil  is  found  associated  with  Olenellus 
on  a  higher  horizon ;  the  genus  is  characteristic  of  the  Lower 
Cambrian  rocks. 

In  Sub-zone  IV.  only  the  ordinary  "  pipes,"  like  those  of  the 
lower  zones,  occur,  but  they  are  exceedingly  numerous  and  con- 
spicuous, owing  to  several  concurring  circumstances.  The 
strata  are  thinly  bedded,  and  the  bands  are  usually  of  red  and 
white  colour  in  rapid  alternation,  while  the  **  pipes  '  are  usually 
wholly  white.  The  dragging  downwards  and  attenuation  of  the 
layers  as  they  approach  tbe  cylinder  is  also  very  conspicuous  at 
all  depths,  a  circumstance  which,  together  with  the  cup-shaped 
depressions,  proved  to  be  of  great  service  in  distinguishing 
whether  the  beds  are  in  their  natural  order  or  inverted  in  those 
areas  in  which  the  rocks  have  been  greatly  disturbed. 

Sub-zone  V. — The  pipes  are  here  somewhat  larger  in  diameter 
than  those  of  the  underlying  sub-zones,  but  they  are  otherwise 
of  the  ordinary  type.  As  the  beds  are  massive  and  the  grains 
large  and  well  rounded,  the  rock  is  often  comparatively  uncom* 
pacted  and  less  of  a  quartzite  than  the  others.  Its  general  colour 
if  often  red  or  purple,  while  the  pipes  in  it  are  white.  Some- 
times the  matrix  is  discoloured  or  bleached  for  a  short  distance 
round  the  pipes.  A  similar  decolouration  takes  place  round  the 
burrows  of  the  recent  lobworms  on  our  shores.  One  bed,  which 
lies  at  the  very  top  of  the  quartzite,  and  which  probably  belongs 
more  properly  to  the  overlying  fucoid-beds,  as  it  is  mixed 
with  a  good  deal  of  shaly  material,  contains  **  pipes  "  measuring 
sometimes  nearly  an  inch  across. 

In  America  Scolitkn^  linearis  occurs  in  Cambrian  rocks  chiefly 
in  connection  with  the  Olenellus  zone. 

''  Ficcoid  Beds." 

In  this  zone  Scoliihiis  continues  to  occur,  but  the  most  charac- 
teristic worm  casts  are  those  which  lie  along  the  bedding  planes 
of   the    shales,   and   are  known    under   the   name    of  Planolitea 
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(Nicholson).  It  is  these  flattened  casts  that  have  been  mistaken 
for  the  remains  of  fucoids,  and  from  which  the  name  of  the  zone 
has  been  derived.  Where  alternations  of  sandy  and  shaly  strata 
occur,  abundant  evidence  is  procurable  that  these  casts,  as  well 
as  those  known  as  Scolithus,  were  made  by  some  worm-like 
animal,  which  brought  up  the  sand  of  the  casts  from  beds  under- 
lying the  shales  in  which  they  actually  occur.  They  cannot, 
therefore,  have  been  formed  by  sand  filling  in  the  burrows  from 
above.  In  addition  to  these  annelides,  the  muds  and  calcareous 
sediments  of  this  zone  appear  to  have  been  so  well  fertilised  by 
the  plankton  as  to  support  several  other  or^nisms.  Among 
these,  certain  forms,  wnich  are  individually  abundant,  have  been 
mistakenly  classed  among  the  pteropods,  but  may  with  more 
reason  be  regarded  as  tubicolar  annelides.  They  belong  to  the 
genera  SaltereUa,  of  which  three  specimens  are  represented,  and 
ColeolideSy  represented  by  a  single  species.  Two  species  of 
Hyolithes  also  occur,  an  organism  which  probably  links  the 
worms  with  the  hingeless  brachiopods.  Boring  annelides  also 
appear  to  have  made  sinuous  tunnels  in  the  thickened  portions 
of  the  dead  or  discarded  tests  of  trilobites. 

Echinoderms  are  represented  by  some  minute  fragments  show- 
ing the  microscopical  structure  of  their  plates  and  ossicles,  which, 
together  with  debris  of  shells  and  trilobites,  form  nuclei  round 
which  pisolitic  structures  have  been  built  up  in  certain  dolomitic 
bands.  The  original  carbonates  in  these  beds  have  in  some  cases 
been  replaced  by  iron-ores,  as  is  observed  in  specimens  from 
certain  bands  first  discovered  by  Mr.  Home  in  the  Achnashellach 
Forest,  which  Mr.  Teall  has  found  to  present  characters  similar 
to  those  of  some  ironstones  that  have  replaced  Carboniferous 
limestones  in  Wales  and  Cumberland.  The  echinodernial  remains 
are  provisionally  referred  to  the  genus  Eoci/stites  (Billings.) 

Brachiopods  are  represented  by  the  hingeless  forms  Paterina 
(Kutoryina)  Uihradorica  and  Acroihele  suhsidua,  the  former 
being  one  of  the  simplest  and  most  primitive  known  types,  repre- 
senting an  early  stage  in  the  development  of  all  the  higher  forms. 
Both  of  these  species  are  found  in  the  Oknelhfs-zone  of  America, 
the  former  in  Newfoundland  and  Canada,  the  latter  occurring 
plentifully  with  OleneUus  Gilherti  at  Pioche,  Nevada,  and  in 
association  with  Middle  Cambrian  fossils  at  Antelope  Springs. 

Gasteropods  are  represented  by  a  badly-preserved  form,  pro- 
bably a  Murcliisonia,  found  near  Tokavaig,  in  Skye,  and  by 
Helsnia  hella,  a  curved  tube  open  at  both  ends,  doubtfully 
referred  by  Walcott  to  the  Bentalidae.  This  organism  also  occurs 
together  with  TLolmia  (OleneUus)  Broi/gcriy  at  Manuels  Brook, 
Conception  Bay,  Newfoundland.  Arthropods  are  represented  by 
Aristozoe  rotinid-ata,  and  a  species  of  Nothozoe,  among  the  P//////0- 
caridea,  which  are  also  met  with  in  the  Olenelhis  zone  of  America. 

The  trilobites,  however,  are  the  most  characteristic  feature  of 
this  horizon  in  the  Cambrian  series.  The  genus  OUiiellus  of 
Hall  is  here  represented  by  five  species  and  varieties  closely 
allied  to  0,  Tliomsoni  and  0.  Gilherti,  the  forms   which  mark  the 


PaloBontology.  375 

Georgian  Terrane  or  OttiMv^s-zone  on  the  east  and  west  side  of 
North  America  respectively.  The  genus  Olenelloides  was  made 
to  hold  a  primitive  trilobite  in  almost  vermiform  aspect,  highly 
armed  with  spines,  and  resembling  larval  stages  of  OleneUus, 
but  evidently  in  adult  condition.  The  same  genus  appears  also 
abundantly  m  cei-tain  dolomitic  beds  along  with  OleneLlus,  A 
small  fragment  of  trilobite,  which  suggests  close  affinities  with 
Conocorjfphe,  has  likewise  been  found,  but  in  too  imperfect  a 
state  to  allow  of  a  determination  to  which  of  the  sub-genera  it 
should  be  assigned.  With  the  exception  of  one  or  two  forms 
which  have  only  as  yet  been  found  in  the  North- West  Highlands, 
the  whole  assemblage  of  fossils  from  the  Fucoid-beds  of  Suther- 
land, Boss,  and  Skye  is  almost  identical  with  that  found  in  the 
Olenelius-zone  of  North  America. 

''Serpuliie  GriC 

In  this  zone  worm-casts  of  the  nature  of  Scolithus  form  still 
a  characteristic  feature.  They  are  of  various  kinds,  the  most 
conspicuous  being  **  pipes,'*  wmch  sometimes  attain  a  diameter  of 
nearly  an  inch.  These  can  be  traced  through  the  rock  vertically 
for  a  length  of  more  than  a  yard,  until  they  end  on  the  upper 
carious  weathering  surface  of  the  grit  in  cup-shaped  depressions 
measuring  several  inches  across.  These  pipes  are  sometimes 
contracted  at  regular  intervals  in  such  a  manner  as  to  suggest 
that  the  contractions  are  due  to  the  peristaltic  action  oi  the 
intestine  of  the  worm.  Sometimes  the  part  between  the  "  pipe  " 
and  the  surrounding  matrix  has  been  filled  in  with  sand  contain- 
ing more  carbonate  than  either  of  them,  so  that  on  a  weathered 
face  of  the  rock  the  **  pipe"  is  seen  in  the  middle  of  a  hollow 
tube.  Smaller  pipes,  which  in  one  layer  appear  to  be  more 
calcareous  than  the  matrix  of  the  bed,  may  be  observed  to  have 
weathered  out  so  as  to  leave  the  rock  honey-combed  with  their 
hollow  casts.  The  small  tubicolar  Salterella,  the  Serpulites 
Macullochn  of  Salter,  first  discovered  by  Macculloch  from  this 
band,  to  which  it  gives  the  name,  occurs  in  myriads  in  certain 
layers,  and  is  usually  to  be  found  scattered  more  or  less  through- 
out the  whole  of  the  zone. 

Of  higher  organisms  in  the  Serpulite  Grit,  the  head  shield  of 
Oleiidhts  Lapworthi  was  found  in  the  Dundonnell  Forest,  and  an 
orthoceratite  is  said  to  have  been  obtained  at  EireboU  in  Suther- 
landshire.  Professor  Lapworth  records  the  finding  of  Orthocerofi 
and  Linguloid  shells  (?)  in  the  dolomitic  carious- weathering 
beds  at  the  top  of  the  zone  in  Eireboll,  but  he  regards  them  as 
the  basement  beds  of  the  Durness  Limestone.* 

The  Dwniess  Limestone  or  Dolomite. 

Grudhaidh    Group    (in    part). 

The  first  30  feet  of  this  sub-division  of  the  Durness  Dolomite 
are  here  claimed  to  belong  to  the  Lower  Cambrian  or   OleneUtis- 

*  Gecl,  Mag.,  vol.  x.,  new  ser.,  p.  126,  1883. 
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■one,  beMBie  of  tbe  ooooirmoe  in  tJum  of  two  thiu  but  reniark- 
aUr  penutant  layan  iriiioh  in  nmally  o  rowded  with  two  species 
ntSmmRa  (8.  mgmgMMJ  &  jwfcMtoj,  forms  nlao  found  in  the 
Ofmrfhw  fW  cf  Ameriim.  Chwof  tbne  layers  lies  immediately 
•bov*  a  tnw  fset  or  inoliei  of  »  d«rk  cerbuuaceoua  shalj  lime- 
itone  irliioh  fonoi  tke  bua  of  Ute  Ihunesa  Dolomite,  and  ill 
irlnah  SaUerMt  u  also  ooomaoaHj  found.  The  other  layer  is 
aui  with  about  80  £>•(  fnithv  ap.  Sondes  the  fossils  just  men- 
ticnod,  wono-oaita  (FUmoliUi)  also  oooiir,  but  less  abundantly 
ttan  in  ■ome  td  the  higher  layera  irf  the  sub-division. 

From  tiu  palasontcilojpeal  evideiuw  niiich  has  now  been  stated. 
it  mnr  be  oooelnded  that  the  gnrape  of  strata  from  the  middle  of 
tiw  F)be>took"  up  to  the  top  of  the  first  thirty  feet  uf  the 
Qwdhaioh  Dolomite  diould  be  (uaaeed  as  Lower  Cambrian ,  seeing 
that  the^  endoae  a  fanna  identical  witli  that  of  the.  Olmiellm- 
■me  ao  well  derelt^ted  in  North  America.  How  much  more  of 
the  reet  of  the  Diunieea  Dolomite  may  }>eloii^  to  the  same  sub- 
dhrieion  cannot  be  determined  owing  to  Ihe  paucity  or  absence  of 
Olfiaiiio  retnaiiu.  As  to  the  qnartute  beneath  the  trumpet 
pipes  (Snbione  III.  of  the  "  Pipe-rook"),  though  no  other  fossil 
endenoe  beytmd  the  ooonrreooe  in  it  <<{'  S'i-"litf>i<.''  li»firif  has 
hitiioiio  beoi  iorfluxnning,  jet,  for  the  .s;)Ur  of  riinvcDii'noe,  all 
the  sab-Bones  down  to  the  base  are  proTiaionallf  r^arded  bf  the 
Geblogioal  Snir^  as  part  of  the  Lower  Cambrian  series. 

From  Hie  study  of  the  fossila  of  the  Dnmess  Limestone,  Salter 
pointed  out,  as  early  as  1869,  that  the  biological  affinities  are 
more  olosety  linked  with  American  than  with  European  forms, 
and  all  subsequent  obserration  has  confirmed  his  opinion.  Thi^ 
carious  relationship,  so  distinctly  traceable  amone  the  fossils  of 
the  Lower  Cambrian  zones  of  the  North-West  Highlands,  con- 
tinues to  be  visible  in  the  rest  of  the  Cambrian  succession  of  that 
region.  K^ot  only  are  the  fossils  identical  on  the  two  sides  of 
the  Atlantic,  but  the  sediments  in  which  they  have  been  preserved 
present  a  remarkable  similarity,  as  if  the  North  American  and 
Scottish  Cambrian  rocks  were  deposited  under  similar,  if  not 
identical,  physical  conditions,  and  as  part  of  one  and  the  same 
geological  and  zoological  province. 

Middle  and  Upper  Cumbrian. 

Dumegs  Dolomite. 

I.     Grudhaidh     Group. 

The  portion  of  this  group  which  overlies  the  upper  Salterella- 
bearing  band  above  described,  in  the  absence  of  definite  fossil 
evidence,  is  here  included  in  the  Middle  Cambrian  series.  It 
ccfnsists  in  great  part  of  mottled  dolomite,  the  mottling  being  due 
to  the  great  abundance  of  worm-casts  of  the  nature  of  Plaiwlite* 
A  conspicuous  band  with  oolitic  structure  lies  about  the  middle 
of  the  group.  In  this  band,  while  the  oolitic  grains  are  generally 
calcite  or  dolomite,  in  one  seam  they  may  often  be  seen  to  have 
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been  preserved  in  silica,  which  has  probably  replaced  the  original 
carbonate.  Thin  slices  of  both  these  types  of  oolite  have  been 
prepared  and  microscopically  examined,  but  no  organic  structures 
have  been  observed  in  them.  In  Assynt  one  of  the  uppermost 
beds  of  the  group  displays  worm-casts,  which  have  sometimes 
been  replaced  by  silica.  With  the  exception  of  Planoiites,  no 
fossils  have  as  yet  been  obtained  from  this  part  of  the  series  of 
strata,  and  as  by  far  the  greater  part  of  the  rocks  of  the  group 
show  evidence  that  their  component  materials  passed  through  the 
digestive  system  of  worm-lite  creatures,  they  must  have  once 
been  in  the  state  of  a  finely-divided  calcareous  mud  or  sand, 
which  was  probably  derived  from  both  the  calcareous  and 
siliceous  organisms  of  the  plankton. 

II.     Eilean     Dubh     Group. 

The  only  fossils  obtained  from  this  group  are  of  the  nature  of 
worm-casts,  which,  in  marked  contrast  to  the  other  sub-zones, 
are  few  in  number  and  confined  to  one  or  two  beds.  This 
paucity  may  be  due  to  the  original  absence  of  calcareous 
oi'ganisms  larger  than  those  which  constituted  the  greater  part 
of  the  plankton,  for  though  the  component  strata  of  the  group 
are  everywhere  more  or  less  magnesian  and  often  dolomitic,  yet 
they  always  present  a  tine-grained  and  thinly-bedded  character, 
indicating  that  their  original  condition  was  that  of  fine  mud.  If 
any  larger  forms  contributed  to  the  substance  of  the  rock,  they 
appear  to  have  been  reduced  to  a  fine  calcareous  powder. 

A  close  examination  of  the  strata  in  the  field  has  disclosed  the 
interesting  fact  that  some  of  them  have  here  and  there  **  set  '*  or 
solidified  on  the  sea-floor,  and  have  afterwards,  while  the  deposi- 
tion of  the  series  was  still  going  on,  been  broken  up  in  places  or 
brecciated,  the  interstices  being  filled  in  with  a  matrix  of  similar 
composition  to  the  dislocated  layers,  while  the  overlying  and 
underlying  sediments  have  been  undisturbed. 

Siliceous  organisms  seem  to  have  contributed  to  the  building 
up  of  this  group,  for  in  the  Assynt  region  layers  of  chert  nodules 
have  been  found  on  several  horizons,  and  also  continuous  layers 
of  chert,  some  of  which  attain  a  thickness  of  more  than  two  feet. 
Oolitic  structures  appear  in  tne  cherts  of  this  group  in  Skye. 
These  have  been  cut  and  submitted  to  Dr.  G.  J.  Hinde  for  micro- 
scopic examination,  but  he  was  unable  to  detect  any  undoubted 
organic  structures  in  them.  The  cherts  from  this  group  are  less 
granular  in  texture  than  those  which  have  replaced  the  calcite  of 
the  oolites  of  the  Grudhaidh  Group. 

III.     Sail    Mhor    Group. 

This  group  consists  of  coarsely-granular  dolomites  charged 
with  worm-castings,  which  are  often  of  a  different  colour  from 
the  matrix,  so  as  to  have  earned  for  it  such  names  as  '*  The 
Mottled  Group ''  and  **  Leopard  Stone,"  the  latter  being  that  by 
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which  it  is  locally  known.  That  siliceous  organisms  contributed 
material  towards  the  building  up  of  this  group  of  strata  also,  is 
indicated  by  large  nodules  of  chert  which  occur  plentifully 
along  certain  layers  near  the  base.  Some  of  these  resemble  the 
**  Paramoudras  "  of  the  chalk  in  being  arranged  vertically  above 
each  other.  It  is  clear  that  the  silica  replaced  the  calcareous 
mud  which  constituted  the  limestone  before  its  compression  and 
consolidation,  for  the  lines  dividing  the  layers  are  seen  to  run 
continuously  into  the  chert  from  the  limestone,  while  thin  layers 
extend  from  the  limestone  and  penetrate  into  the  edges  of  the 
siliceous  nodules.  The  silica  became  consolidated  into  chert 
prior  to  the  compression  of  the  calcareous  mud  through  the  weight 
of  the  accumulating  sediment,  so  that  the  part  of  each  layer  now 
represented  by  chert  is  much  thicker  than  that  still  represented 
by  limestone.  Certain  siliceous  hollow  rods  in  this  group  may 
possibly  be  remains  of  .sponges,  like  the  Rhabdaria  of  Billings, 
which  possibly  contributed  to  the  formation  of  the  nodules.  But 
the  greater  proportion  of  the  silica  was  probably  derived  from 
the  plankton,  and  most  probably  from  diatoms,  as  unicellular 
plants  doubtless  formed  the  chief  support  of  the  oceanic  animal 
life  during  the  Cambrian  period  as  they  do  at  the  present  time. 
Radiolaria  may  likewise  have  shared  in  the  formation  of  the 
chert ;  they  are  certainly  among  the  oldest  fossils  known.  The 
opinion  that  the  limestone  mud  was  not  a  mere  chemical  preci- 
pitate from  sea-water,  but  a  kind  of  organic  calcareous  ooze,  is 
perhaps  strengthened  by  the  fact  that  when  the  calcareous  rocks 
of  this  group  are  broken  thev  emit  a  strongly  fetid  odour,  and 
when  dissolved  leave  a  residue  of  carbon.  The  researches  of 
Dr.  (j.  J.  Hinde  have  shown  tliat  cherts  examined  by  him  from 
nearly  all  the  great  geological  formations  from  all  parts  of  the 
globe  have  had  an  organic  origin.  A  strong  presumption  is 
thus  raised  tliat  most  of  the  cheiis  in  sedimentary'  rocks  have 
been  prodnced  from  organic  silica. 

Calcareous  organisms  larger  than  could  be  provided  by  the 
])lankton  also  occur  as  fossils  in  this  group,  preserved  in  the  form 
of  calcite,  but  they  are  few  in  number,  if  any  more  may  have 
once  existed,  but,  if  so,  they  have  been  destroyed  during  the 
process  of  dolomitisation  and  the  prodnction  of  the  coarsely 
crystalline  texture  wliich  characterises  the  rocks  of  the  group. 
The  gasteropods  are  represented  by  a  single  specimen  of 
Mvrchisoniff,  not  sufficiently  well  preserved  for  specific  identifica- 
tion, and  by  two  spe(nes  of  Pleuroioniarui.  i^P.  Tldmsnyi  and  P. 
Etna)  of  a  ty])e  found  in  the  *'  Calciferons  "  rocks  of  Newfoi\nd- 
land  and  Mingan  Islands  in  Canada.  The  former  presence  of 
ce])halopods  is  ])roved  by  the  occurrence  of  at  least  Iwo  forms 
j)robably  belonging  to  different  species,  with  oval  section,  slight 
curve  of  the  cone,  closely-set  septa,  and  wide  endogastric 
siphuncles.  These  have  been  provisionally  placed  in  the  genus 
Ci/rtoceras,  though  they  seem  to  have  stron^r  aflinities  with  such 
primitive  types  as  Evdoceras  and  Piloceras.  The  arthropods  are 
represented  by  part  of  the  epistome  of  a  large  asaphoid  trilobite 
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which  is  almost  identical  with  that  of  Asaplius  canalis  (Conrad),  a 
fossil  of  the  Calciferous  horizon  of  Newfoundland.  Thus  the 
evidence  of  tiie  fossils,  scanty  and  imperfect  though  it  be,  shows 
a  strongly-marked  American  facies  in  the  fauna  of  this  group. 

IV.     Sangomore     Group. 

This  group  is  composed  chiefly  of  granular  dolomite,  but 
towards  the  top  one  or  two  thin  bands  of  fine-grained  limestone 
make  their  appearance  in  the  Durness  district.  Bands  of  chert 
also  occur  chiefly  towards  the  base  of  the  group,  one  of  which  at 
Durness  is  5  feet  thick.  Some  of  the  beds  are  oolitic,  and  in 
one  case  the  oolites  are  preserved  in  ciypto-ciystalline  silica,  but 
no  organic  structures  have  been  observed  in  them.  No  fossils 
have  been  found.  Their  absence  from  the  dolomites,  which  are 
more  coarsely  crystalline  in  this  than  the  two  preceding  groups, 
might  be  accounted  for  by  the  amount  of  reconstruction  which 
the  rocks  have  undergone,  but  this  explanation  would  not  hold 
for  the  fine-grained  limestones,  from  which  fossils  are  also  absent. 

V.     Balnakiel     Group. 

This  group  consists  of  alternations  of  dark  and  lighter  coloured 
fine-grained  limestones  not  much  marked  by  worm-tracks,  includ- 
ing nodules  and  thin  bands  of  black  chert.  This  association  of 
sediment  points  to  the  still-continued  deposition  of  minute  cal- 
careous and  siliceous  organisms.  A  few  of  the  beds  only  have 
been  dolomitised.  Some  of  the  limestones  are  highly  fossili- 
ferous,  and  it  is  from  this  and  the  overlying  group  that  most  of 
the  fossils  of  the  Cambrian  series  of  the  North- West  Highlands 
have  been  obtained.  As  these  organisms  are  for  the  most  part 
common  to  the  two  groups,  the  whole  fauna  will  here  be  treated 
as  one. 

VI.     Croisaphuill     Group. 

The  rm*.ks  of  this  group  are  much  more  varied  than  those  of  the 

E receding  one.  Towards  the  base  they  consist  chiefly  of  massive 
eds  of  aark-jjrey  limestone,  full  of  worm-casts,  which  are  now 
chiefly  represented  by  dolomite ,  so  that  they  stand  out  in  matted 
masses  on  the  weathered  surface  of  the  rock,  the  limestone  matrix 
having  yielded  to  solution  more  readily  than  the  dolomite.  Such 
rocks  are  highly  fossiliferous,  but  where  bands  of  granular  dolo- 
mite make  their  appearance  fossils  are  rarely  or  never  met  with. 
The  lower  part  of  the  group  is  marked  by  several  layers  of  small 
chert  nodules.  The  middle  portion  is  made  up  chiefly  of  un- 
fossiliferous  granular  leaden-coloured  dolomite,  with  a  few  light- 
coloured  bands  of  fossiliferous  limestone  full  of  worm-casts. 
The  upper  part,  consisting  of  massive  sheets  of  fossiliferous 
limestone  full  of  worm-casts  preserved  in  dolomite,  resembles  the 
lower  sub-division. 
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Thai*  up  to  the  verj-  top  of  the  Cambrian  series  of  Sutherland  I 
aad  Roas  impressive  evidence  is  supplied  by  the  ikhundaoce  at  I 
worm-castti  that  the  rocks  must  have  accumulated  iu  the  xtate  of  J 
fine  mud  or  ooae,  probably  mainly  derived  from  the  minute  M 
organisms  oi  the  plankton.  The  fact  that  the  woim-casts  in  the  1 
two  upper  groups  of  the  series  are  for  the  most  part  preserved  in  I 
dolomite,  while  the  matrix  remains  a  limestone,  suggest.*  that^ 
either  the  wnrnis  were  selective  as  to  their  food  or  that  theic  I 
gHNtric  juices  hutl  the  elfect  of  predi.tposing  the  casts  to  be  dolo-  I 
mitiiwd  under  the  influence  of  magnesiau  solutions  more  readily  fl 
than  the  surrounding  mud.  I 

The  fotjsils  now  to  be  more  specially  noticed  are  usually  pre-  ■ 
served  in  oi-bicular  silica  and  lilled  in  with  calcite,  and  their  mint^  1 
scopic  structure  has  been  eiitirely  obliterated.   They  are,  moreover,    I 
generally  incomplete  and  seldom  show  their  external  markings   I 
— a  condition  probably  referable  chiefly  to  decomposition,  solu- 
tion, and  disintegration  prior  to  their  being  embedded.     That 
their  iniperfeclion  cannot  be  attributed  to  actual  abrasion  on  the 
seu-fioor  appears  to  be  placed  beyond  doubt  by  the  condition  of 
.lomp  of  the  fossils.     Thus  the  valves  of  lamellibranchs  arc  often 
fciund  attached  and  in  the  position  iu  which  the  shell  lived, 
though    part   of   the   organism   has   been   removed,    obviously 
through    solution.       In    most   cases    the    septa    and    walls    of 
chambered  shells  have  been  wholly  or  in  part  dissolved  away,  so 
as  to  leave  only  the  more  massive  structures  of  the  siphuncles, 
and  woi-m-castinps  are  often  found  within  the  chambers  whcre 
the  scota  liHvc  bi-i'ii  ptvsi^rvcd,      Tlic.-e  fi^atiin-s  seem  tn  indicate 
that  the  accumulation  of  the  calcareous  mud  in  which  the  fossils 
were  embedded  was  so  glow  that  there  was  time  for  the  solution  of 

fart  of  an  organism  before  the  whole  of  it  was  covered  up. 
ndeed,  there  is  good  reason  to  believe  that  a  great  many 
organisms  totally  msappeared  by  this  process,  for  in  some  of  the 
layers  of  the  Croisapnuill  group  near  Durness  the  massive 
opercnln  of  certain  species  of  Madurea  occur  in  abundance,  while 
the  shells  belonging  to  them  have  not  been  observed. 

Siliceous  sponges  are  represented  in  the  two  uppermost 
Cambrian  groups  by  the  genera  Archasoscypkia  (Hinde)  and 
OaiatMum  (Billings),  and  by  the  doubtful  forms  Bhabdaria  and 
Trichoapongia  of  Billings.  These  fossils  present  no  exception  to 
the  rule  Aat  the  organisms  were  imperfect  before  they  were 
covered  over  with  succeeding  sediments.  Only  fragments  have 
been  preserved,  and  usually  those  parts  lying  towards  the  base 
of  the  forms.  Moreover,  after  being  embedded,  the  original 
silica  of  the  spicules  has  been  removed,  and  the  structures  nave 
been  filled  in  with  orbicular  silica  and  calcite,  so  that  the  micro- 
scopic structure  of  the  organisms  is  now  quite  obliterated.  Tha 
abstracted  silica  may  have  furnished  some  of  the  chert  of  the 
nodules,  as  Dr.  Hinde  found  remains  of  sponges  in  some  of  the 
nodules  from  this  horizon  at  Durness.  Most  of  the  species  of 
Arek<eo8C]/phia  and   Calathium   are   found   in   the   "  Calciferona " 
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focks  of  Newfoundland  and  Canada,  where  they  are  associated 
with  Rhabdaria  and  Trichospongia. 

Only  one  specimen  of  what  appears  to  be  a  coral  has  as  yet 
been  observed,  but  it  is  not  sufficiently  well  preserved  even  for 
generic  identification. 

Hinged  brachiopods  are  represented  by  CamareUa  antiqucUa 
(Bill.),  and  Orthisina  festinala  (Billings),  which  occur  in  the 
Olenellvs^one  of  America  ;  likewise  0,  grandasva  (Bill.),  a  **  Cal- 
ciferous "  form  found  in  Canada,  and  0.  {Orthis)  striatula  (Hall), 
also  an  American  form. 

The  only  lamellibranchs  that  have  been  found  belong  to  the 
genus  JEuchasma  of  Billings,  a  form  allied  to  Conocardium.  In 
addition  to  his  E.  Blumeiibachii,  which  he  obtained  from  the  **  Cal- 
ciferous"  rocks  of  Newfoundland  and  from  the  Mingan  Islands, 
several  varieties  have  been  met  with  in  the  two  uppermost  groups 
of  the  Durness  Limestone,  which  link  that  genus  by  almost 
insensible  degrees  to  his  genus  Eopteria,  founded  on  a  form 
obtained  from  beds  of  the  Quebec  group  at  Port  au  Choix,  New- 
foundland. Billings,  however,  recognised  the  near  relationship 
of  the  two  genera,  and  was  doubtful  if  Eopteria  would  stand  as 
an  independent  genus. 

Gasteropods  are  perhaps  the  most  characteristic  and  abundant 
members  of  the  fauna  of  the  two  uppermost  groups.  The 
peculiar  primitive  euoniphalid  genera  Maclurea  (Lesueur),  and 
Ophileta  (Vanuxem),  are  especially  prominent.  The  first-named 
genus  is  represented  by  at  least  five  species,  which  can  be 
identified  from  the  remains  of  the  shells  themselves.  Four  of 
them  are  the  most  common  shells  of  certain  sub-zones  of  the 
Calciferous  rocks  of  Newfoundland  and  Canada,  while  a  fifth, 
M,  Peachif  has  as  yet  been  found  only  at  Durness  and  Skye, 
though  opercula  almost  identical  with  those  of  this  species  are 
figured  by  Billings,  and  are  said  to  occur  together  with  some  of 
the  other  species  above  referred  to  at  Cape  Norman  in  Newfound- 
land.* Besides  the  operculum  of  Af.  Peachi,  four  other  distinct 
forms  of  opercula  are  also  present.  These  range  from  flat 
types  like  that  of  Maclurea  matutina  (Hall),  figured  by  Billings,t 
through  those  like  M.  Peachi,  figured  by  Salter,  to  highly 
elongated  and  slipper-shaped  species,  with  only  a  very  slight 
spiral  curve.  These  different  types  do  not  occur  at  random 
throughout  the  two  groups  of  strata,  but  each  seems  to  be 
restricteii  to  particular  beds,  where  it  occurs  in  profusion. 
There  appears,  therefore,  to  be  a  probability  that  these  rocks 
could  be  subdivided  into  distinct  pala^ontological  zones  by  means 
of  these  and  other  fossils,  though  the  task  has  not  been  attempted 
by  the  Geological  Survey.  Several  species  of  Ophileta  occur 
besides  the  0,  covipacta  of  Salter.  Some  of  these  can  be 
identified  with  species  found  in  the  Calciferous  rocks  of  New- 
foundland, while  one  at  least  appears  to  be  new  to  science.  Two 
species  of  whorled  shells,  loosely  coiled  in  a  flat  spiral,  have  been 

*  Geology  of  Canada  (Palaeontology),  Vol.  I.,  p.  243,  fig.  228,  1861-1865. 

t  Qeology  of  Canada,  p.  115,  fig.  24,  1863. 
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provisionally  placed  ia  the  genus  EuonvphalvA,  while  aeveruS 
forms  belonging  to  an  allied  family,  the.  Turbinvlae,  have  beeii.1 
cluBsed  with  the  geaus  &nostotiia  (Lindatriim)  (Omj)/iaiotrochitt,m 
Meek).  One  of  these,  0.  [PUuTutomaria)  Calpktimia  of  Billings,.! 
ia  met  with  in  the  rocks  of  the  Quebec  group  of  Cape  Norman.  ■ 
Three  other  Bpecies,  nearly  related  to  it,  and  wLicli  can  be  con- 1 
nect^  with  it  by  intermediate  forms,  also  occur.  It  is  an  I 
interesting  and  highly  Buggeative  fact  that  hemispherical  bodies,  j 
preserved  in  orbicular  silica,  appear  in  numbers  on  the  same  dabs] 
of  Btone  with  many  of  these  fossils.  One  of  these  bodies  was 'I 
actually  found  lying  at  the  mouth  of  a  shell  in  such  a  manner  u  I 
to  suggest  that  it  is  the  operculum.  If  this  suggestion  be  con-  I 
finned,  it  would  point  to  tne  inference  that  we  are  dealing  here  | 
with  primitive  types  possessing  massive  calcareous  opercuJa.  In  j 
the  case  of  Macivma,  no  great  stretch  of  the  imagination  ia  } 
needed  to  conceive  that  this  form  may  not  be  far  removed  from  '\ 
an  actual  bivalve  shell.  j 

The  genus  Hfurchuonia  ia  represented  by  fourteen  species  and  "l 
varieties,  which  exhibit  a  great  range  in  form.     These  have  been   j 
divided  into  two  sub-genera.     Those  forms  having  beaded  wborle   I 
and  simple  slit-band  form  the  sub-genus   Hormotoma ;   those  with    I 
sharp   spiral   keels   are   included    in    the    sub-genus    'Edmvvria,    I 
Under  the  first  group  or  Hormotoma  snb-division  come  M.  (H.)    J 
attgulodnda,  M.  (ff.)  Amui,  M.  (H.)  Artemesia,  M.  (ff.)  Aim/v*-  J 
Una,   M.   (H.)   linearis,   which   are  likewise  found  in  the  Calct-   J 
ferouB    rocks    of    Canada    and    Newfoundland ;     also    Af.    (K)   1 
fceHtcwicfft  and  M.  (ff.)  draeilis,  which  are  common  forms  in  the    ' 
Black  Biver  and  Trenton  groups  of  America,  or  the  equivalents 
of  the  Llandeilo  and  base  of  the  Bala  rocks  ol  Britain.       In 
addition  to  these  species,  M.  (ff.)  antiqua  and  M.  (ff.)  graciSima 
are  as  yet  only  known  from  the  Durness  Dolomites. 

Of  ^e  Ectomaria  sub-division,  If.  {E.)  Adelina  is  found  in 
America  in  the  Calciferous  group,  while  M.  {E.)  pagoda  is  a 
Black  River  form,  of  which  two  varieties  have  been  described  by 
Miss  Donald  from  specimens  collected  at  Durness  and  in  Skye. 
Another  form  of  Murchisonia  has  been  met  with  belonging  to 
a  different  group,  and  nearly  related  to  M.  MilUri  (Rogers),  which 
was  wrongly  named  by  Hall  M.  bimitcUt.  It  appears  in  the 
Trenton  and  Hudson  River  group  of  America. 

A  corresponding  variation  is  found  to  exist  in  the  species  of  the 
genus  Plffurotomaria  preserved  in  the  Balnakiel  and  Croia* 
aphuill  groups  of  strata.  One  type  has  the  same  characteristics  as 
Hormotoma,  except  that  the  cone  increases  more  rapidly,  in  con- 
sequence of  which  the  spire  is  shorter.  In  fact,  these  Murdiir 
gonias  and  Fleurotomariaa  merge  so  insensibly  into  one  another 
that  any  line  drawn  between  the  two  genera  must  be  an  arbitrary 
one.  Among  the  forms  of  Pleurotomarna  resembling  Hormotoma 
a  large  turgid  species  has  been  obtained.  Examples  of  the  same 
type  have  been  found  in  the  Calciferous  rocks  of  Canada  and  in 
the  Trenton  Limestone.  A  small  form,  which  has  been  doubt- 
fully placed  with  P.  gregaria,  also  occurs  in   Durness  and  Skye, 
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as  well  as  in  the  Calciferous  rocks  of  the  Mingan  Islands  of 
Canada. 

A  second  series  of  the  type  of  P.  calcifera  of  Billings,  with 
almost  flat  spiral  and  wide  umbilicus  and  of  lenticular  section 
like  Raphistoma,  also  appears  in  the  Scottish  Cambrian  fauna. 
Besides  P.  calcifera,  this  fauna  likewise  includes  F.  canadensis 
and  P.  laurentinay  all  of  which  are  found  in  the  Calciferous 
rocks  of  Canada.  This  type  of  shell  merges  into  another  in  which 
the  spire  is  higher,  giving  a  trochiform  appearance;  the 
umbilicus  is  wide,  and  the  section  of  the  whorl  rhomboidal.  The 
typical  species  of  this  group  is  P.  Etna  (Billings).  It  is  associated 
with  P.  Ramsay i,  and  both  these  species  are  fossils  of  the  Calci- 
ferous rocks  of  Newfoundland  and  Canada.  P.  ^.Tiule,  the 
species  described  by  Salter  from  the  Balnakiel  group  at  Durness, 
belongs  to  this  group.  Fragments  of  a  large  unnamed  shell  also 
of  the  same  type  is  plentiful  at  Durness.  Two  other  forms,  P. 
Vryope  (Bill.)  and  P.  {Helicotoinu)  sjnv^sa  (Salter),  which  appear 
in  the  two  uppermost  groups  of  the  Cambrian  formations  of  the 
North- West  Highlands,  are  also  present  in  the  Black  River 
Limestone  on  the  horizon  of  the  Llandeilo  Limestone  of  Wales. 

The  cephalopods  of  the  two  uppermost  groups  in  the  Suther- 
land succession  of  strata  are  of  almost  equal  interest  with  the 
gasteropods.  They  are  all  of  a  primitive  type,  and  display  a  con- 
siderable ran^e  in  form.  The  cnaracteristic  feature  of  the  ortho- 
ceratites  is  the  relatively  large  size  of  the  siphuncle,  which  is 
usually  supplied  with  endocones  and  organic  deposits,  and  is 
placed  laterally.  The  most  conspicuous  species  in  this  respect 
belong  to  the  genus  Piloccras,  which  was  founded  by  Salter* 
upon  the  invaginated  siphuncles  obtained  by  Charles  Peach  from 
these  two  groups  at  Durness.  This  determination  was  formed 
under  the  belief  that  the  fossils  constituted  the  complete  shells  of 
a  very  primitive  form  of  orthoceratite,  in  which  what  are  now 
known  to  be  the  invaginated  endocones  were  supposed  to  repre- 
sent both  septa  and  siphuncle.  More  complete  forms,  showing 
the  relation  of  this  complex  siphuncle  to  the  septa  and  outer 
walls,  were  subsequently  found  In  America  and  described  by 
AVhiteavest,  BillingsJ,  and  Sir  J.  W.  Dawson^T.  Amongst  the 
earlier  collections  made  by  the  Geological  Survey,  though  most 
of  the  specimens  consist  of  the  siphuncle  only,  there  are  several 
specimens  which  show  this  relation,  and  which  were  studied  and 
used  by  A.  H.  Foord§  for  the  purposes  of  the  British  Museum 
Catalogue  of  the  Cephalopoda,  where  some  of  them  are  figured. 
The  collections  made  by  the  Geological  Survey  in  later  years  have 
furnished  many  more  specimens,  which  prove  that,  besides  the 
form  named  by  Salter  Piloceras  invarjinatum.,  several  others  are 

*  Salter,  Qiiati.  Journ.  Geol.  Soc.,  vol.  xxv.,  1859,  p.  376. 

t  VVhiteaves,  Bull.  Amer.  Mus.  Nat.  Hist.,  vol.  i..  No.  8,  p.  323,  pi. 
xviii.  (New  York),  1896. 

I  Billings,  Geol.  of  Canada,  Pala).  Foss.,  vol.  i.,  pp.  256-258,  fig.  240 
(1861-1865). 

§  Foord,  Cat.  Foss.  Ceph.  Brit.  Mx^s.,  pt.  i.,  figs.  17,  18,  19  (1888). 

IT  Dawson,  Cantidian  Naturalist,  New.  Ser.,  vol.  x..  No.  1. 
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represented.  These  di£Eer  from  that  type  in  the  taper  and  curve 
of  the  siphuncle,  in  the  relative  distances  of  the  septa  from  each 
other,  in  the  obliquity  of  the  ridges  left  on  the  outside  of  the 
siphuncle  where  it  is  clasped  by  the  septa  owing  to  its  being 
always  placed  laterally  on  the  concave  or  gastric  side  of  the  cone. 
Two  specimens  show  a  long  slit  at  one  side  of  the  invaginated 
funnel-shaped  sheath.  The  genus  Filoceras  has  been  recorded 
from  the  North- West  of  Scotland,  Canada,  and  the  Eastern 
States  of  America  only.  Four  species  are  found  in  the  Calci- 
ferous  group  of  Newfoundland,  one  in  the  equivalent  rocks  of 
Lachute,  near  Montreal,  and  the  sixth  occurs  in  the  **  Bird's 
Eye  *'  Limestone  of  Fort  Cassin,  Vermont,  in  strata  on  the 
horizon  of  the  Lower  Llandeilo  of  Wales. 

The  allied  genus  Endoceras  (Hall)  is  represented  in  the  North- 
West  Highlands  by  several  forms,  but  owing  probably  to  the 
causes  already  mentioned,  for  the  most  part  only  siphuncles  have 
been  preserved,  and  even  these  are  in  a  very  fragmentary  condi- 
tion. One  specimen,  in  which  the  outer  walls  and  septa  are 
preserved,  shows  a  gently-tapering  smooth  cone  more  than  one 
foot  in  length,  having  the  septa  set  at  moderate  distances  from 
each  other,  with  a  large  laterally-placed  siphuncle  which  shows 
organic  deposits.  Another  fi*agmentary  specimen  has  retained 
a  small  portion  of  the  smooth  outer  wall  and  a  wide,  gently- 
tapering  siphuncle  with  endocone,  the  siphuncle  being  almost 
in  touch  with  the  outer  wall  of  the  cone.  All  the  detached 
siphuncles  agree  in  one  res})ect:  they  exhibit  marked  obliquely- 
set  annulations  on  their  exterior  where  the  successive  septa  have 
merged  into  the  siphuncle,  and  where  in  consequence  the  material 
of  the  siphuncle-wall,  liavinof  been  thickened,  has  longer  resisted 
the  dissolving  agents  than  the  thin  septa.  Most  of  them  show 
endocones,  and  in  one  case  the  intermediate  organic  deposits 
between  the  outer  and  inner  cones  appear  to  simulate  septa. 
Several  of  the  siphuncles  closely  resemble  the  corresponding 
structures  of  forms  found  in  the  Calciferous  rocks  of  Canada, 
and    described    and   figured    by    Billings    under    the    names    of 

Orilioceras    Becki,    0.  ?  0.   Monirealense,    and    0.   sordidiun* 

Numerous  species  of  Endoceras  occur  in  the  "  Orthoceras  Lime- 
stone" of  Sweden,  which  immediately  overlies  the  P/u/llo'/raptiis 
shales  that  represent  the  horizon  of  the  Arenig  rocks  of  Britain. 

Certain  forms  placed  by  Salter  in  the  genus  Orthoccras  appear 
in  the  two  uppermost  groups  of  Durness  and  in  Skye.  The  most 
common  and  also  the  most  marked  species.  Orfhoceraa  mendax 
(Salter),  is  moderately  tapering,  strongly  annulated,  circular  in 
section,  with  moderately-arched  sej)ta  and  sub-central  siphuncle. 
which  measures  about  one-third  of  the  whole  diameter.  Accord- 
ing to  Blake, t  the  siphuncle  shows  a  central  sheath  and  organic 
deposits.  This  form  is  doubtfully  referred  by  Foord  J  to 
Aciinoceras.     From    the   consideration   of  these   facts,  it  appears 

*  Geolitgy  of  Oinada,  p.  121,  tigs.  .S5-37  (180:^). 
tBlake,  Brit.  Foss.  Ccph.,  pt.  i.,  j).  81,  pi.  iii.,  tig.  i. 
I  Foord,  Brit.  Mas.  Cat.  Ceph.,  jit.  i.,  ])p.  KUMHT. 
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to  have  close  affinities  with  Etidoceras.  Two  species,  0. 
Priamus  *  and  0.  Lamarcki,  from  the  Calciferous  rocks  of  New- 
foundland and  Canada,  figured  and  described  by  Billings,t  are 
so  much  like  0.  mendax  in  their  rate  of  taper,  in  their  annuUv- 
tions,  in  their  septa,  and  in  the  size  and  position  of  their  siphuncle, 
that  they  are  evidently  nearly  allied  to  that  species,  if  not 
actually  varieties  of  it.  The  species  figured  by  Salter  from  the 
Durness  Limestone  as  0.  vertebrale  of  Hall  J  has  been  shown  by 
Blake  §  to  belong  to  0.  mendax  (Salter).  The  only  form  that 
seems  really  to  belong  to  the  genus  Orthoceras  is  the  0.  periinens 
(Blake),  which  occurs  in  both  the  stratigraphical  groups  of 
Durness  and  also  in  Skye. 

A  small  fragment,  which  shows  the  interior  of  a  siphuncle  and 
a  few  septa,  may  possibly  belong  to  a  species  of  the  genus 
ActiTiocei'as.     It  was  found  in  the  Balnakiel  limestone  at  Durness. 

Several  slightly-curved  forms  with  elliptical  section  and  closely- 
set  septa  from  the  two  uppermost  groups  of  strata  have  been  pro- 
visionally placed  in  the  genus  Cyrtoceras.  The  variation  in 
form,  as  well  as  the  position  of  the  siphuncles  in  these  fossils, 
show  them  to  belong  to  several  species,  though  the  specimens  are 
all  too  imperfect  for  specific  identification.  The  siphuncles  are 
placed  close  to  the  side,  and  usually  on  the  concave  or  endogastric, 
but  sometimes  on  the  opposite,  side.  They  are  wide,  and,  like 
most  of  the  forms,  they  taper  rapidly.  Although  no  endocones 
have  been  observed,  probably  owing  to  the  prevalent  manner  of 
entombment  and  preservation,  the  whole  lorm  as  well  as  the 
large  siphuncles  bear  close  resemblance  to  Pitoceras.  It  is 
evidently  a  form  of  the  type  figured  by  Salter  as  doubtfully 
belonging  to  the  genus  Oncocera^,  \\  Similar  forms  are  abundant 
in  the  rocks  at  Point  Levis,  near  Quebec. 

Whorled  nautiloids  are  represented  by  fragmentary  remains 
of  several  distinct  forms,  in  which  the  cone  shows  a  very  gentle 
taper  and  the  folds  are  slightly  impressed  on  one  another,  so  as 
to  present  a  reniform  section.  All  the  specimens  in  which  the 
exterior  is  seen  show  strong  ribs.  The  septa  are  moderately 
arched,  and  in  some  are  closely-set,  while  in  others  they  stand 
moderately  far  apart.  The  siphuncles,  compared  with  those  of  the 
straight  and  slightly-curved  nautiloids  in  the  same  strata,  are 
narrow  and  are  placed  sub-centrally,  usually  nearer  to  the  gastric 
than  to  the  dorsal  side,  though  in  the  outer  whorls  the  opposite 
arrangement  may  sometimes  be  noticed.  The  specimens  have 
been  too  badly  preserved  for  specific  determination,  but  frag- 
mentary though  they  be,  they  seem  to  belong  to  the  genus 
Trocholites  of  Conrad.  Nautiloids  of  this  type,  placed  in  the 
genus  Nautilus  by  Billings,  occur  in  Newfoundland  and  Canada 
in  the  Calciferous  sand-rock,  associated  with  an  assemblage  of 

*  Billings,  PaXaozoic  Foss.  Canada^  p.  253,  fig.  239. 
t  Ihid..  Op.  cU.,  pp.  255,  :U7,  fig.  336. 

I  Salter,  Quart.  J&iwn.  Geol.  Soc.,  vol.  xv.,  p.  375,  pi.  xiii.,  figs.  22,  23. 
§  Blake,  Brit.  Foss.  Geph.,  pt.  i.,  p.  82. 

II  Quart.  Joum,  Geol.  Soc.,  vol.  xv.,  p.  375,  pi.  xiii.,  1859. 
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iosnila  similar  to  thfti  vhioh  u  tooaA  in  the  two  umermost  groups 
oi  strata  now  under  coiuddeHtion  in  Dnineu  end  Blvje. 

Trilobite  remaiu  an  extranely  icaroe  in  these  two  groups  of 
the  Durness  Dolomite,  and  even  vhen  found  are  so  fiagmentary 
and  poorly  preserved  thai  they  can  rarely  be  speoificEiUy  or  even 
gf^nerically  identified.  Only  me  species,  Satiuiurvj^  l^ero 
(Billings)  hiLH  beeft  irith  oartamty  deteimined.  It  is  represented 
by  two  detached  glabdift,  two  smrate  free  cheeks,  and  a 
pygidium.  This  ham  is  found  in  Newfoundland  in  the  Calci- 
feroua  formation,  iriure  it  ranges  from  Bodfl  F  to  K  of  Billings' 
table.*  Two  pyfpdsa  of  a  bflobite  nearly  allied  to  the  above 
also  occur  in  the  odleotion  from  these  tones  at  Durness. 

In  the  collection  made  in  S^e,  a  glabella  of  a  trilobite  pio- 
bablj  bdoogs  to  the  genos  Solaunleuira.  It  strongly  resemblea 
tiie  oorrenmding  part  of  8.  imMM  (WaJloott),  a  form  tonnd  in 
tiie  CTswsBtis-aone  of  America. 

Two  badly-praserred  imnkB  of  a  trilobite  have  been  foond, 
dkowing  straagly-maAed  oentral  axis,  with  pleura  well-grooved 
and  fsMtted  uid  sharply  bent  downwards  tnm  the  fulcra,  the 
distal  portions  being  directed  backwards  in  the  anterior  s^ 
meats,  and  placed  eitiiar  at  right  aoj^es  to  the  axis  or  bent 
sU^^  forward  in  the  hinder  ones.  One  of  the  specimens  urn- 
Muts  13  free  a^menis,  irtiile  in  the  other  14  can  be  oovnted.  The 
latter  e^bits  also  the  pygidium,  which  is  partially  detached 
and  only  parilr  exposed.  The  central  axis,  howeTer,  shows  it  to 
be  made  up  of  at  least  four  ooalescent  segments.  The  specimen 
also  displays  fhe  general  form  of  the  glabella  and  a  distended 
cheek,  but  these  parts  are  in  even  a  worse  state  of  preservation 
than  the  rest  of  the  specimen.  The  form  closely  resembles  some 
species  of  Conocori/phe,  and  comes  near  to  the  0.  (^OojwcepkaliUs) 
Schukeri  of  Schlotheim. 

In  another  specimen  the  part  of  a  trunk  of  a  trilobite,  which 
is  preserved  in  chert,  possesses  a  well-marked  central  axis  and 
grooved  pleura  on  the  left  side,  but  the  distal  portions  beyond 
the  fulcra  have  not  been  preserved,  neither  are  the  pleura  of 
the  right  side  to  be  seen,  except  close  up  to  the  central  axis. 
The  form  is  only  slightly  arched.  Sixteen  free  segments  can  be 
counted  in  the  fragment.  From  its  very  gentle  taper,  indicated 
by  the  lines  made  oy  the  edge  of  the  central  axis  and  by  the  row 
of  fulcra  being  almost  parallel,  also  from  tne  fact  that  a  gap 
occurs  in  the  aeries  between  the  most  anterior  segments  and  the 
rest,  where  the  specimen  is  in  a  bad  state  of  preservation,  the 
whole  trunk  may  almost  certainly  be  regarded  as  having 
originally  had  more  segments  than  are  now  to  be  seen.  Such  a 
fragment  raises  a  strong  presumption  that  it  belongs  to  the  genus 
Paradoxides. 

The  only  other  trilobite  remains  consist  of  two  large  plain 

glabella,  without  furrows  and  with  large  nuchal  spines.     One 

of  them  measures  more  than  an  inch  in  length  by  nearly  as  much 

in  breadth.       The  other  is  about  half  an  inch  long,  "while  the 

•  Billings.  Pal.  Fim.  Ganadn,  pp.  366-372. 
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spine,  which  is  broken,  is  quite  as  long  as  the  glabella,  is  hollow 
and  oval  in  section,  the  long  axis  of  the  oval  being  at  right  angles 
to  the  plane  of  the  body.  This  type  of  glabella  is  found  in  the 
genera  Agraulos,  Zaw,nthoides,  Solenopleura,  iJorypyge,  and  other 
Middle  and  Upper  Cambrian  trilobites. 

Thus  the  whole  facies  of  the  trilobites  is  strongly  Cambrian. 
The  horizon  of  the  Balnakiel  and  Croisaphuill  groups  is  plainly 
indicated  by  the  fossil  evidence  to  be  identical  with  the  strata  in 
Newfoundland  from  I  to  N  of  Billings'  table  which  underlie  the 
dark  shales  of  Table  Head,  Pistolet  Bay,  and  Cow  Head.  At  the 
latter  locality  these  shales  have  yielded  an  abundant  graptolite 
fauna  characteristic  of  the  Arenig  rocks. 

VII.     Durine    Group. 

The  highest  zone  of  the  Durness  Limestone  is  only  found  at 
Durness.  It  consists  of  grey  limestone  and  chert.  The  only 
fossils  yet  obtained  from  it  are  Murchisonia  (Hormotoma)  gracilis 
(Hall)  and  M,  (H.)  gracillima  (Salter).  M.  gracilis  is  common  in 
the  Black  River  Limestone  at  Pawquette  Bapids,  River  Ottowa, 
Canada,  which  is  considered  to  represent  the  horizon  of  the 
Llandeilo  Limestone  of  Wales.  These  fossils  do  not,  however, 
suffice  to  fix  the  stratigraphical  position  of  the  present  group,  for 
they  appear  abundantly  in  the  underlying  Balnakiel  and  Crois- 
aphuill groups  both  at  Durness  and  in  Skye. 

From  the  palaeontological  evidence  obtained  from  the  Durness 
dolomites  and  limestones  which  has  now  been  stated,  it  appears 
that  all  the  calcareous  beds,  overlying  the  Salterella  dolomites 
(Lower  Cambrian),  represent  the  Middle  and  Upper  Cambrian 
formations.  But  owing  to  the  American  facies  of  the  fauna  it  is 
impossible  to  correlate  the  sub-divisions  either  with  the  Welsh 
or  Scandinavian  succession. 


CHAPTER  XXI\ 


THE   OAHBBIAIf   STBATA  FROM    DTTRMESS  AND 
EIBEBOLL  TO  LOCH  UOUE.' 


1.  2>iintMi  OuUier. 


The  Cuabrian  otrata  of  Durness  ccmr  t  triaiigular  area  about 
fourteen  aqiuae  miles  in  extent,  of  wliidi  about  niuB  square  miles 
are  oocm^d  hy  the  dolomitea  and  limestDues  of  the  Calcareous 
Serioi.  The  apex  of  this  traot  lies  in  Strath  Dionai-d,  about  nind 
miles  sovth-irest  of  Ihuness  village,  and  its  base  stretclies  along 
the  north  coast  from  the  Kyle  to  Sangobeag.  Ab  shown  on 
Sheet  111,  this  arrangement  is  due  to  powerful  faults.  Along 
their  eastern  margin  tbe  beds  are  completely  separated  from  the 
members  of  the  Cambrian  system  at  Eireboll,  with  which  they 
were  at  one  time  united,  by  a  north-east  and  south-west  disloca- 
tion that  brings  them  in  contact  with  the  Lewisian  gneiss.  On 
part  of  their  western  boundary  also  they  are  truncated  by  a  fault 
that  lets  down  the  Basal  Quartzites  and  Pipe-rock  zones  against 
the  Lewisian  gneiss  and  Torridon  Sandstone,  while  on  the  north 
the  area  is  defined  by  a  north-west  and  south-east  dislocation. 
Thus  a  double  system  of  normal  faults — one  set  trending  north- 
east, the  other  north-west — forms  a  characteristic  feature  in  the 
structure  of  the  Durness  basin. 

Arenaceous  Series. — On  the  west  side  of  the  Kyle  of  Durness, 
both  at  Dail  and  south-west  of  Keoldale  Pier,  the  double  uncon- 
formability  of  the  Basal  Quartzites  on  the  Oneiss  and  Torridon 
Sandstone  is  clearly  displayed.  For  example,  on  Meall 
Sgribhinn,  about  six  miles  north-west  of  Durness  village,  where 
there  is  an  important  outlier  of  the  lower  Quart.zite  with  the 
basal  bands  of  the  Pipe-rock,  the  Torridon  Sandstones  dip  at 


*  Bj  B.  N.  Pesch  and  J.  Home.    The  district  described  in  this  chapter  ii 

■     '   in  Sheets  107,    108,   113,  mnd  114 ■* 

n  the  ecsle  of  1  inch  to  n  mile  (iriii)' 


ipriaed  in  Sheets  107,    108,   113,   mnd  114  (Jeologicnl  Survey  Map  of 
tlMid,       -'         ' -    .    , 
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gentle  angles  to  the  north-west  and  the  oyerlying  Cambrian  beds 
to  the  E.S.E.  Eastwards,  near  the  mouth  of  the  Kyle,  at  Dail, 
the  red  sandstones  are  overlapped  by  the  quartzites  till  the  latter 
rest  directly  on  the  ancient  floor  of  gneiss.  Confirmatory 
evidence  of  the  transgression  of  the  quartzites  is  obtained  on  the 
hill-slopes  between  Beinn  a'  Bhacaidh  and  Beinn  an  Amair, 
south-west  of  Keoldale  Pier  (Sheet  114),  where  a  sequence  can  be 
traced  from  the  basal  breccia  of  the  arenaceous  series  to  Sub- 
zone  3  of  the  Pipe-rock,  which  is  visible  on  the  west  shore  of  the 
Kyle.  The  higher  bands  of  the  latter  sub-division  occur  in  the 
southern  part  of  the  basin  at  Sithean  Mor  (four  and  a  half  miles 
south-west  of  Durness),  but  they  are  there  much  obscured  by  peat 
and  drift. 

In  the  north-east  corner  of  the  area,  between  Smoo  House  and 
Sangobeag,  both  sub-divisions  of  the  quartzite  reappear,  bounded 
by  faults  on  either  side. 

The  Middle  Series. — The  Fucoid-beds  and  Salierellarffrit  are 
not  well  exposed  in  the  Durness  area,  owing  partly  to  the  cover- 
ing of  superficial  deposits  and  partly  to  the  interruption  of  the 
sections  by  the  waters  of  the  Kyle.  Between  Sithean  Mor  and 
Drochaidh  Mhor,  at  the  mouth  of  the  River  Dionard,  isolated 
outcrops  of  these  zones  fix  their  position  relatively  to  the 
quartzites  and  overlying  limestones.  Further  north,  about  half 
a  mile  east  of  Keoldale  House,  the  same  zones  are  again  met  with 
in  their  proper  stratigraphical  position,  but  they  are  abruptly 
truncated  by  faults,  and  the  exposures  are  incomplete. 

Calcareous  Seines. — The  dark  leaden-coloured  dolomites  that 
overlie  in  normal  order  the  Salterella-grit  are  well  dispWed  at 
Rudha'  a'  Ghrudaidh — a  promontory  at  the  head  of  the  Kyle  of 
Durness — ^from  which  the  lowest  group  of  this  series  has  been 
named,  where  they  dip  to  the  E.S.E.  at  12°.  But  even  here  the 
sequence  is  not  so  perfect  as  that  on  the  east  shore  of  Loch 
EireboU,  to  which  attention  will  be  directed  in  this  Chapter. 
Proceeding  from  this  promontoiy  in  a  south-east  direction  to  the 
great  fault  that  bounds  the  Cambrian  basin  along  its  eastern 
margin,  the  observer  crosses  in  order  the  overlying  divisions  of 
the  Calcareous  Series  to  the  Croisaphuill  beds  (Group  vi.), 
which  are  the  highest  that  come  in  contact  with  that  dislocation. 

By  far  the  best  sections  for  studying  the  sequence,  lithological 
characters,  and  palseontological  sub-zones  of  this  series  occur  in 
the  north  part  of  the  basin,  by  the  shore  of  Balnakiel  Bay,  and 
on  the  low  ground  southwards  to  Loch  Borralaidh  and  east  to 
the  village  of  Durness,  where  a  complete  succession  of  the  several 
members  is  exposed  from  the  Eilean  Dubh  beds  (Group  ii.)  to 
the  fine-grainea  dolomites  and  limestones  at  the  top  (Group  vii.). 
The  general  dip  of  the  strata  is  here  towards  E.S.E.,  at  angles 
varying  from  15°  to  30°,  and  their  outcrops  are  shifted  to  some 
extent  by  noimal  faults.  Indications  of  cleavage  may  be 
observed  at  certain  localities — as,  for  instance,  on  the  shore  near 
Balnakiel  Bay  and  north-west  of  Durness  village.  At  the 
former  place  the  dip  of  the  bedding  is  10°,  that  oi  the  cleavage 
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THE  CAHBBlAlf  8TBATA  FROM  DtmNESS  ASJ> 
EIBEBOUi  TO  LOCH  MOBE  * 


1.  2>iifitaM  OuOier. 

The  OunbnaiL  strata  of  DnnieaB  ooTer  a  triang^olar  ana  about 
lonrtMn  aqaaze  buIm  in  extent,  <^  wlueL  about  nine  aquara  milei 
are  oooi^ed  hj  tke  dolomites  and  limestones  ai  the  CaleaswNu 
Seiiei.  The  apex  of  tfaii  traot  lies  in  Strath  Dionard,  about  nine 
milea  aonth-weat  of  I>nmeB8  Tillt^,  and  its  base  stretehes  along 
the  north  coast  from  the  Kyle  to  S&ngobesg.  As  shown  on 
Sheet  114,  this  Brrangement  is  due  to  powerful  faults.  Along 
their  eaatem  mamln  the  beds  are  completely  separated  from  the 
members  of  the  Cambrian  system  at  Eireboll,  with  which  they 
were  at  one  time  united,  by  a  north-east  and  south-west  disloca- 
tion that  brings  them  in  contact  with  the  Lewisian  gneiss.  On 
part  of  their  western  boundary  also  they  are  truncated  by  a  fault 
that  lets  down  the  Basal  Quartzites  ana  Pipe-rock  zones  against 
the  Lewisian  gneiss  and  Torridon  Sandstone,  while  on  the  north 
the  area  is  deiined  by  a  north-west  and  south-east  dislocation. 
Thus  a  double  system  of  normal  faults — one  set  trending  north- 
east, the  other  north-west — forms  a  characteristic  feature  in  the 
structure  of  the  Durness  basin. 

ArenaceouB  Series. — On  the  west  side  of  the  Kyle  of  Durness, 
both  at  Dail  and  south-west  of  Keoldale  Pier,  the  double  uncon- 
formability  of  the  Basal  Quartzites  on  the  Qneiss  and  Torridon 
Sandstone  is  clearly  displayed.  For  example,  on  Meall 
Sgribhinn,  about  six  miles  north-west  of  Duruess  village,  where 
there  is  an  important  outlier  of  the  lower  Quartzite  with  the 
basal  bands  of  the  Pipe-rock,  the  Torridon  Sandstones  dip  at 

*  By  B.  N.  Peach  And  J.  Home.  The  district  described  in  this  chapter  is 
ComnriBed  in  Sheets  107,  108,  113,  and  114  Geologicnl  Surrey  Map  of 
Scotland,  on  the  scale  of  1  inch  to  a  mile  (niii)' 
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gentle  angles  to  the  north-west  and  the  overlying  Cambrian  beds 
to  the  E.S.E.  Eastwards,  near  the  mouth  of  the  Kyle,  at  Dail, 
the  red  sandstones  are  overlapped  by  the  quartzites  till  the  latter 
rest  directly  on  the  ancient  floor  of  gneiss.  Confirmatory 
evidence  of  the  transgression  of  the  quartzites  is  obtained  on  the 
hill-slopes  between  Beinn  a'  Bhacaidh  and  Beinn  an  Amair, 
south-west  of  Keoldale  Pier  (Sheet  114),  where  a  sequence  can  be 
traced  from  the  basal  breccia  of  the  arenaceous  series  to  Sub- 
zone  3  of  the  Pipe-rock,  which  is  visible  on  the  west  shore  of  the 
Kyle.  The  higher  bands  of  the  latter  sub-division  occur  in  the 
southern  part  of  the  basin  at  Sithean  Mor  (four  and  a  half  miles 
south-west  of  Durness),  but  they  are  there  much  obscured  by  peat 
and  drift. 

In  the  north-east  corner  of  the  area,  between  Smoo  House  and 
Sangobeag,  both  sub-divisiona  of  the  quartzite  reappear,  bounded 
by  faults  on  either  side. 

The  Middle  Series. — The  Fucoid-beds  and  Salierellargrit  are 
not  well  exposed  in  the  Durness  area,  owing  partly  to  the  cover- 
ing of  superficial  deposits  and  partly  to  the  interruption  of  the 
sections  by  the  waters  of  the  Kyle.  Between  Sithean  Mor  and 
Drochaidh  Mhor,  at  the  mouth  of  the  River  Dionard,  isolated 
outcrops  of  these  zones  fix  their  position  relatively  to  the 
quartzites  and  overlying  limestones.  Further  north,  about  half 
a  mile  east  of  Keoldale  House,  the  same  zones  are  again  met  with 
in  their  proper  stratigraphical  position,  but  they  are  abruptly 
truncatea  by  faults,  and  the  exposures  are  incomplete. 

Calcareous  Series. — The  dark  leaden-coloured  dolomites  that 
overlie  in  normal  order  the  Salterella-grit  are  well  displagred  at 
Rudha'  a'  Ghrudaidh — a  promontory  at  the  head  of  the  Kyle  of 
Durness — from  which  the  lowest  group  of  this  series  has  been 
named,  where  they  dip  to  the  E.S.E.  at  12°.  But  even  here  the 
sequence  is  not  so  perfect  as  that  on  the  east  shore  of  Loch 
EireboU,  to  which  attention  will  be  directed  in  this  Chapter. 
Proceeding  from  this  promontoiy  in  a  south-east  direction  to  the 
great  fault  that  bounds  the  Cambrian  basin  along  its  eastern 
margin,  the  observer  crosses  in  order  the  overlying  divisions  of 
the  Calcareous  Series  to  the  Croisaphuill  beds  (Group  vi.), 
which  are  the  highest  that  come  in  contact  with  that  dislocation. 

By  far  the  best  sections  for  studying  the  sequence,  lithological 
characters,  and  palaeontological  sub-zones  of  this  series  occur  in 
the  north  part  of  the  basin,  by  the  shore  of  Balnakiel  Bay,  and 
on  the  low  ground  southwards  to  Loch  Borralaidh  and  east  to 
the  village  of  Durness,  where  a  complete  succession  of  the  several 
members  is  exposed  from  the  Eilean  Dubh  beds  (Group  ii.)  to 
the  fine-grainea  dolomites  and  limestones  at  the  top  (Group  vii.). 
The  general  dip  of  the  strata  is  here  towards  E.S.E.,  at  angles 
varying  from  15°  to  30°,  and  their  outcrops  are  shifted  to  some 
extent  by  normal  faults.  Indications  of  cleavage  may  be 
observed  at  certain  localities — as,  for  instance,  on  the  shore  near 
Balnakiel  Bay  and  north-west  of  Durness  village.  At  the 
former  place  the  dip  of  the  bedding  is  10°,  that  of  the  cleavage 
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45°;  irinl0ih«itRkeafthaifasteii2f.35OB.,  1 
dMTCgi  pL>BM  north  ud  wmtili. 

02  ipaaul  iutemt  in  tiiu  put  at  tlu  DanMi  bMm  is  thi 
dsrdimMai  of  ih*  two  hig^ilTftiHilifenNU  •ob-dtTinaiii  (Groups 
T.  aBfTvi.)*  irfiiidkt  in  toe  fiud,  an  rnatlilj  dictingrdiluilile  by 
ihorliUiiuogioalolianujtm.  13teBdnakielD«di(0z(rapT.),  coii- 
uting  of  shenatioiii  at  Auk  and  li|^t  gi^  dolonite  with  stime 
bandi  flf  liDUftoM,  an  Tiiible  on  tike,  d^re  lor  a  dirtanoa  of  400 
^oda  mat  ot  BalaAid  VmneiuMM,  and  ttntch  aooth  b;  the 
watt  dde  of  Looh  OraiaaphiuU,  iriien  tiwir  ontorops  are  shifted 
branoimal  tanlt;  bnitneyan  oontinited  in  the  island  ib  Loch 
Bonalaidh  and  acFothwatda  to  tits  Kyle  ireat  ttf  EeokUe.  Both 
oa  tlu  ahon  and  in  Taiiooi  inland  eanwaarea  the  banda  an 
dhai^ged  w^  JfoeJaraa,  Kunliuoma,  OpMUsta,  Hmtn^omarM, 
aad  otlur  foasOa.  He  mamban  of  the  orerlying  Cnia^ihaiU 
noiip  an  otoapcnoiulT  deraloped  on  the  ri^na  eaat  of  Iiodh 
uraiMphiiill  and  of  Locn  Bomlaidh,  when  the  oanda  of  maaaiFe 
daA-gxOT  dolomitea  and  limeatonea  oonaiat  la^e^  of  wozm-caata 
thai  piojaet  on  tha  amCaoe.  The  oi^anio  nmanu  moat  eommonly 
met  with  in  theae  heda  are  tfaoae  <tf  UcuAwta,  eapedaUj  (^tenml^ 
iUoMra«,and  JVudtoh'faa. 

Balennoe  oi^t  to  be  made  to  the  foniliferotia  localitiee  in  the 
Bontikem  purt  of  tile  baun  where  theae  two  gronpa  (▼.  and  ti.)  an 
aipoaaJ,  abovt  lour  milea  8.S.W.  of  Durneu  riUage.  A  aoite 
of  imanio  remaini  aimilar  to  tikoae  foond  between  Looh 
Bomlaidh  and  Bi^utkiel  has  been  collected  near  an  old 
Fiotith  tower  by  Bealach  Mor,  not  fiu-  from  the  great  &^t  t^t 
defines  the  eastern  limit  of  the  basin.  Though  isolated  hj  &iilt< 
ing  and  denudation,  the  exposures  of  these  two  groups  in  mfferent 
parts  of  the  Dumeaa  area  can  be  correlated  by  palieontological 
evidence. 

The  members  of  the  highest  sub-division  (Group  vii.),  consist- 
ing of  light-grey  dolomites  and  limestones,  with  an  occasional 
dark  band  charged  with  Murchinonia,  are  overlain  in  Sangomore 
Bay,  near  the  village  of  Dumesa,  by  shattery  quartzite,  striped 
fissile  schist,  contorted  schists,  and  gneiss.  Though  unquestion- 
ably resting  on  the  limestone  and  sharing  in  the  normal  faulting 
of  the  district,  these  crystalline  strata  do  not  prove  a  conformable 
upward  succession,  as  formerly  supposed.  The  key  to  the  read- 
ing of  this  and  the  corresponding  section  at  Fair-aird  Head  is  to 
be  found  in  the  EireboU  district,  and  will  be  described  in  detail 
in  Part  IV.,  Chapter  XXXIII. 

East  of  the  great  fault  in  Sango  Bay  that  truncates  the 
Durness  basin,  the  representatives  of  the  Sailmhor  and  Sango- 
more  groups  are  again  brought  to  the  surface,  where  their 
characters  may  be  studied  in  clear  coast  sections.  The  well- 
known  Smoo  Cave  described  by  Professor  Heddle"  has  been 
eroded  out  of  the  granular  dolomites  and  white  limestones  of  the 
Sangomore  group. 

*  Minendog.  Mag.,  vol.  iv.,  pp.  171,  248-251. 
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As  already  stated,  the  dolomites  and  limestones  of  the  Durness 
area  are  characterised  by  cherts,  which  are  specially  developed 
on  certain  horizons.  The  large  spheroidal  masses  near  the  base  of 
the  Sailmhor  group  are  well  displayed  on  the  shore  a  quarter  of 
a  mile  east  of  Eilean  Dubh  in  Balnakiel  Bay ;  the  bands  at  the 
base  of  the  Sangomore  sub-division  may  be  studied  in  the  cliffs 
of  the  inlet  leading  to  Smoo  Cave*,  ana  the  lines  of  small  chert 
nodules  in  the  Croisaphuill  group  are  exposed  on  the  rocky  knolls 
east  of  the  loch  of  that  name  ana  east  of  Loch  Borralaidh. 

Far  to  the  west  of  the  Durness  basin,  on  An  Gharbh-eilean,  Eilean 
nan  Cas-leac,  and  at  Port  Odhar,  representatives  of  the  Balna- 
kiel and  Croisaphuill  groups,  with  their  characteristic  fossils,  are 
met  with,  bounded  on  the  south  by  a  powerful  north-west  and 
south-east  fault.  Their  probable  relation  to  the  crystalline 
schists  of  Fair-aird  Head  will  be  described  in  Part  IV.  Again, 
on  Eilean  Hoan,  east  of  Durness  village,  and  about  a  mile  E.N.E. 
of  Smoo,  dolomites  and  limestones,  much  disturbed  by  faults, 
have  been  correlated  with  Groups  ii.,  iii.,  and  v.  of  the  Durness 
sequence. 


2.  Loch  Eireboll  to  Loch  More, 

The  Cambrian  strata  of  the  Durness  basin  are  separated  from 
those  at  Loch  Eireboll  by  a  prominent  ridge  of  Lewisian  gneiss, 
which,  beginning  on  the  shore  at  Ceannabeinne,  extends  south 
by  Beinn  Spionnaidh,  Foinne-Bheinn,  and  Beinn  Arcuil  to  Loch 
More. 

The  Quartzites. — The  crest  and  eastern  slope  of  this  ridge  are 
covered  by  the  members  of  the  arenaceous  series,  which,  to  the 
west  of  tne  post-Cambrian  displacements,  have  a  gentle  dip  to 
the  E.S.E.       Throughout  the  whole  of  this  tract    the   basal 

3uartzites  rest  directly  on  the  Lewisian  gneiss,  and  the  peculiar 
ecomposition  of  the  lelspar  in  the  rocks  of  the  underlying  plat- 
form may  be  studied  close  to  the  unconformable  junction  on  the 
sloi)es  of  Beinn  Spionnaidh,  of  Crann  Stacach,  and  by  the  road 
between  Rispond  and  Port  nan  Con. 

The  best  development  of  the  pebbly  grit  or  fine  conglomerate 
at  the  base  of  the  quartzites  in  this  northern  region  occurs  on  a 
col  at  a  height  of  about  900  feet,  and  about  one  mile  south  of 
Meall  Meadhonach,  west  of  Loch  Eireboll,  where  bands  of  coarse 
pebbly  grit  and  fine  conglomerate  alternate  with  gritty  quartzite 
for  about  ten  feet.  In  the  coarser  bands  the  pebbles  vary  from 
a  quarter  of  an  inch  to  an  inch  across,  and  consist  of  pink  and 
white  quartz,  felspar,  jasper,  altered  qucrlzite^  and  felsite,  among 
which  one  small  fragment  of  grey  gneiss  has  been  observed. 
Such  a  development  is,  however,  quite  exceptional,  for,  as  a  rule, 
the  conglomeratic  or  pebbly  bed  is  only  about  a  foot  thick. 

*  Professor  Heddle  gives  an  analysis  of  the  bands  of  chert  in  the  Sangomore 
Group  from  this  locality.— Mttwroiogf.  Mcuf,,  vol.  iv.,  p.  260. 
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Chitliers  of  quartzite  appear  to  the  west  at  the  mam  b«lt,  of 
which,  perfaajK,  the  most  interesting  is  to  be  ^en  aboat  half  a 
mile  W.S.W.  of  Meall  Meadhonach,  where  a  patch  of  the  lower 
xone  with  some  basal  bwids  of  pipe-rock  is  trancated  bv  a  north- 
past  fault — the  higher  of  the  two  parallel  dislocations  that 
throw  down  the  Dwrae*?  basin.  Small  detached  maases  of  the 
ba*al  quartzites,  isolated  by  denndation,  appear  on  the  gneiss 
platform,  as,  for  instance,  on  CVann  Garbh — one  of  the  peaks  of 
f  oinne-Bheinn — at  a  height  of  2962  feet.  Again,  within  the 
belt  of  qoartzite  west  of  Loch  Eireboll,  outliers  of  the  lower  sones 
of  the  pipe-rock  rest  on  the  basal  qnartzites.  showing  the  uneqaal 
enwion  of  the  membera  of  the  arenaceous  series.  All  the  aub- 
Kones  of  this  division  have  been  identified,  though  not  mapped, 
in  the  Eireb'ill  region,  partly  in  the  undisturbed  and  partly  in 
the  thrust  masses.  The  total  thickneika  of  this  series  in  this 
northern  area  is  between  500  and  600  feet. 

Uetween  the  head  of  Loch  Eireboll  and  Loch  ilore  a  striting 
feature  presented  by  the  quartzites  on  the  eastern  slope  of  the 
lofty  ridge  of  gneiss  is  the  reduplication  of  the  various  zones  by 
the  post-Cambrian  movements,  to  which  attention  will  he 
directed  in  Part  IV.  Among  these  displaced  materials,  3er> 
pulites  (SaUcrella)  were  found  in  a  massive  band  of  quartzito  at 
the  top  of  Sub-zone  3  of  the  pipe-rock  (the  sub-division  with  the 
trumpet-shaped  worm  burrows)  at  Lochan  oa  Faoilege,  on  the 
east  slope  of  Beinn  Arcuil  (Sheet  108,  one-inch), 

U»  the  east  side  of  Loch  Eireboll  the  quartzites  appear  among 
the  thrust  masses,  and  have  been  traced  in  more  or  less  con- 
tinuous belts  from  the  northern  headland  of  Mol  Mhor,  south- 
west by  Ben  Heilem  and  Camas  an  Bnin,  to  the  head  of  that  sea- 
Inch.  At  various  localities  in  this  tract  the  basal  breccia  has 
been  found  in  contact  with  the  upturned  floor  of  Lewisian  gneiss, 
and  the  sub-zones  of  the  pipe-rock  are  characteristically 
developed. 


Fucoid  Beds,  SaUerella  Grit,  aiid  Idmestone. 

One  of  the  best  sections  showing  the  lithological  characters 
and  paleeontological  sub-zones  from  the  base  of  the  Fucoid-bedn 
to  the  top  of  the  dolomites  and  limestones  of  the  Ghrudaidh 
group  occurs  on  the  promontory  of  An  t-Sron,  on  the  east  side  of 
Loch  Eireboll,  about  a  mile  south  of  Heilem.  The  structural 
relatione  of  the  strata  will  be  described  in  the  sequel  {Part  IV,, 
Chapter  XXXIU.),  but  the  order  of  succession  and  thickness  of  the 
bands  are  given  in  the  following  vertical  section : — 


Loch  EireboU  to  toch  More. 


Dark  mottled  doloniit«  with  « 

Whi(«  flnggy  <Iol<iniit«. 

Dark  niuttled  dotomite  with  « 

Flaggy  white  doluniite. 


^^  hite  flaggy  dotoniite. 


Mottled  dolomite  with  w 
Flaggy  white  doli>niitc. 


LcailoD-grey  mottled  dolomite  with  worm-vasta. 


Willi    Sallerdia 


% 


Leaden-grey  mottled  dolomite  with  w 


Skndy  dolomite  with  SaUmlla  puldiella  (lower  Hrpiilit*  bund). 
Cluved  dark  Bnggy  iir|rill*ceouii  linintone  witfa  iroo-Iu'riM*, 
Cirioui.  niKywotheriiig  dnioniitic  (crlt  wjlh  d«ply-|dtl«l  lur- 

wilh  -erpiilitu  (SnJf<rrr£a  Maenllidti). 
Falu  bedded  grit  and  ((uarLiiU  wiUi  occuiontl  pipa  «id  goma 

Fine  cleaved  shales  wit 


>iiUiniiig  OleaitUut. 


(irey  doloniitic  shales  and  mudBtonca  with  liands  of 
dolomite,  weathering  with  a  nisty  colour  and  with 
n-caals,  usually  flattened. 


with  vertini  |dpM- 
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A  special  interest  attaches  to  this  section  from  tlie  occurrence 

of  fragments  of  Olenelliia  in  the  sub-zone  of  fine  cleaved  shales  at 
the  top  of  the  Fucoid-beds,  so  clearly  exposed  on  the  promontory 
of  An  t-Sron.  The  band  from  which  these  important  fossils  were 
obtained  ia  only  a  few  inches  thick,  and  consists  of  soft  cream- 
coloured  shale — blue  in  fresh  fracture — closely  resembling  the 
layer  in  the  typical  section  on  Meall  a'  Ghubhaia,  Kinlochewe, 
Koss-shire  (see  Chapter  XSVJI.),  which  is  there  crowded  with 
fragments  of  that  trilobite,  and  has  therefore  been  termed  the 
Olendlus  layer.  If  the  con-elntion  of  these  two  sub-zones  be 
correct,  then  there  must  be  a  lateral  modification  of  the  holier 
portion  of  the  Fncoid-beds  between  Kinlochewe  and  Loch  Eire- 
boll,  for  at  f.he  latter  locality  the  thick  mass  of  "  piped"  shales 
with  vertical  worm-casts  which  overlie  the  OleiieUve  layer  on 
Meall  a'  Ghubhais  is  absent  (p.  414J. 

Numerous  exposures  of  the  Fucoid-heds,  usually  in  association 
with  the  Sallcrella  grit  and  a  portion  of  the  basal  limestone,  occur 
in  the  displaced  masses  on  the  east  side  of  Loch  Eireboll  and  in 
the  mountainous  tract  between  the  head  of  that  sea-loch  and 
Loch  More.  But  the  bands  occupying  the  horizon  of  the 
OlaieUus  layer  are  so  affect^^d  by  movement  that,  there  is  little 
prospect  of  obtaining'  organic  remains  from  these  outcrops. 
Soutn  of  An  t-Sron,  in  the  direction  of  Eireboll  House,  towards 
the  head  of  the  sea-loch,  a  considerable  area  is  occupied  by  the 
Eilean  Dubh  dolomite  and  limestone — the  highest  aub-division  in 
this  region. 


CHAPTER  XXV. 

CAMBRIAN  STRATA  FROM  LOCH  MORE  TO  STRATH 

KANAIRD.* 

1.  Loch  More  and  GlcncouL  Dutrict.f 

Between  Loch  More  and  Loch  Glencoul  the  Quartzite  forms  in 
most  places  a  rather  prominent  crae  with  a  general  N.N.E. 
strike,  its  lower  beds  dipping  to  south-east  or  E.S.E.  at  angles 
between  8°  and  14°.  The  base  is  generally  concealed  under 
drift,  but  it  is  probably  not  much  affected  by  thrusts.  The  false- 
bedded  quartzite  forms  most  of  the  crag,  and,  excepting  for  about 
a  mile  and  a  quarter  on  the  north  side  of  Loch  an  Leathaid 
Bhuain,  its  outcrop  is  rarely  more  than  150  yards  in  breadth. 
The  piped  qi.artzite  makes  a  much  broader  outcrop,  partly 
because  of  the  more  gentle  slope  of  the  ground  which  it  occupies, 
and  partly  because  of  the  folos  and  thrusts  which  affect  it.  On 
the  north  side  of  Loch  an  Leathaid  Bhuain  the  outcrop  of 
the  piped  quaitzite  is  unusually  wide,  often  more  than  three- 
quarters  of  a  mile.  In  the  eastern  half  of  this  tract  the  dip  is 
very  variable;  there  are  some  sharp  folds  with  axes  striking 
N.N.E. ,  and  probably  several  thrusts  also. 

On  the  north-west  side  of  the  Loch  More  crag  a  small  outlier 
of  quartzite  rests  unconformably  on  the  Lewisian  gneiss  of  Ben 
Stack.  The  outlier  has  its  north-western  end  70  or  80  yards 
south-east  from  the  top  of  the  hill,  and  extends  for  300  yards  in 
a  south-easterly  direction.  It  is  not  more  than  116  yards  broad 
in  its  widest  part,  and  does  not  contain  more  than  a  thickness  of 
about  50  feet  of  beds.  The  general  dip  is  here  much  the  same  as 
in  the  Loch  More  crag. 

On  the  east  side  of  the  Loch  More-Loch  Glencoul  band  of 
quartzite  many  portions  of  the  same  strata  have  been  separated 
from  it  by  thrusts,  usually  with  considerable  intervening 
breadths  of  gneiss.  In  these  detached  exposures,  wherever  the 
unconformable  base  of  the  quartzite  can  be  seen,  it  rests  on  rocks 
belonging  to  the  Lewisian  gneiss  series,  as  in  the  unthrust  area 
to  the  north-west. 

The  thrust  quartzite  which  runs  E.S.E.  from  near  the  middle 
of  the  south  side  of  Loch  na  Creige  Duibhe,  can  be  traced  for 

*  The  district  described  in  this  chapter  is  represented  in  Sheets  101,  102, 
107,  108  of  the  Geological  Survey  Map  of  Scotland,  on  the  scale  of  1  inch 
to  a  mile  (wslnif)' 
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uon  than  a  mile,  and  in  thia  space  it  doea  not  sKow  muck  di^- 
tnlianoe  at  altnaiian.  Soath-west  of  Beinn  Lice  another  ex- 
pontie  ol  ihnut  qnartnte,  more  than  a  mile  in  length  and 
nraadth,  riMa  ap  in  a  dome  from  beneath  tlte  fucoid-shales,  and 
nreala  in  ita  centre  a  small  inlier  of  nieiBs. 

Stans  of  the  manes  of  qnartiite  wEieh  have  beeu  brought  for- 
ward by  the  higher  throsts  have  been  considerably  reduced  iu 
fttit>ri>«p  tty  the  movement.  -  Thns  the  dragging  out  and  thit 


nihg  to  vluoh  the  taped  qnartnte  has  beoi  subjected  is  well 
dunm  tn  the  beudinc  and.deformation  of  its  pipes.  In  the 
vndiitarMd  giotmd  us  pipos  are  always  petiiendicular  to  the 
bedding  planes,  but  in  the  throat  area  they  aic  often  diagonal. 
^Qw  detonaatian  has  evidently  been  greateai  in  the  thin-bedded 
bmda  uid  those  whioh  contain  a  certain  admixttire  of  shaly 


JSatal  Oonglomerata. — At  each  end  of  the  qnartzite  outlier  on 
Ban  Stack  a  baaal  conglcanerate,  at  least  18  inches  thick,  may 
he  observed,  in  vhioh  the  laner  pehblea,  two  or  three  inches 
looffr  oonnat  chiefly  of  red  and  mite  qoartt,  like  vein-quartz, 
and  a  jaaper-like  rook.  Tha  jaaper-like  pebUes  resemble  some 
o(  these  in  the  Torridon  rocks.  Above  tne  conglomerate  comes 
a  soft,  fine-grained,  rather  ahaly  band,  which,  in  tlie  blocks  along 
the oatonmiSenersIly  adheres  cloaely  to  it.  The  gneiss  180  yards 
narlh-weec  nom  the  ontlier  containe  a  p^jmatite  with  a  little 
ualmatoUte — a  common  indication  of  the  proximity  of  a  pre- 
(Smbrian  anrface.  Between  Loch  More  and  Loch  au  Leathaid 
Bhnain  the  base  of  the  qnartrite  is  always  hidden  by  drift,  but 
about  a  mile  slightly  north  of  east  of  Loch  Foil  an  Achaidh 
Bhaidhe  many  loose  blocks  of  conglomerate,  resembling  that  on 
Ben  Stack,  probably  indicate  the  approximate  position  of  the 
base  of  the  quartzite. 

The  baaal  conglomerate  is  seen  on  the  north  side  of  Beinn  a' 
Bhfttha  (north-east  of  Loch  Glendhu),  little  more  than  half  a  mile 
north  of  the  hill  top ;  also  at  the  north  end  of  the  gneiss  inlier  a 
third  of  a  mile  weat  of  Lochain  nan  Ealacban  (south  of  Loch 
More),  where  it  shows  a  reversed  dip,  with  pebbles  of  quartz  two 
or  three  inches  long ;  about  1100  yards  E.S.E.  of  the  foot  of  Loch 
Strath  nan  Asinnteach,  where  it  is  well  exjiosed,  and  is  repeated 
several  times  by  small  thrusts.  In  the  gneiss  below  the 
quartzite  half  a  mile  north-east  of  the  top  of  Beinn  Aird  da 
Loch  (between  Lochs  Glendhu  and  Glencoul),  a  pegmatite  with 
the  felspar  converted  into  agalmatolite,  affords  an  indication  of 
a  pre-Cambrian  floor,  from  which  the  Cambrian  strata  have  been 
removed.  In  the  Glencoul  River,  half  a  mile  slightly  west  of 
north  of  Loch  nam  Caorach,  the  basal  conglomerate  is  in  some 
places  only  an  inch  thick.  A  thin  basal  conglomerate  is  also 
seen  nearly  half  a  mile  south,  about  700  yards  S.S.E.,  and  three- 
quarters  of  a  mile  S.S.E.  of  the  south  end  of  this  loch. 

Falae-bediUd  Quarlzite.—Tho  false-bedded  quartzite  rather 
more  than  a  quarter  of  a  mile  west  of  Glendhu  House  shows  some 
shaly  partings,  probably  near  the  base.     This  sub-division  like- 


d 


Loch  More  and  Glencoul  District  *  397 

wise  appears  on  the  scars  on  the  north  side  of  Loch  Glencoul, 
where  the  uppermost  bed  is  much  redder  than  those  below  it,  is 
more  conspicuously  false-bedded,  and  occasionally  presents  the 
tops  of  small  pipes  on  its  bedding  planes.  The  same  sub-division 
of  the  quartzite  appears  in  the  thrust  areas  near  Lochain  Feith 
an  Leathaid,  where  its  thickness  is  estimated  to  be  about  160 
feet. 

Piped  Qtiartzite. — The  piped  quartzite  between  Loch  More  and 
Loch  Glencoul  having  been  mapped  before  the  zones  in  the 
arenaceous  series  were  definitely  established,  we  cannot  say 
whether  the  zones  in  this  area  always  agree  exactly  with  those 
determined  elsewhere.  In  the  scars  on  the  north  side  of  Loch 
Glencoul,  about  50  feet  above  the  base  of  the  piped  quartzite, 
are  various  bands  of  rather  coarse-grained  purple  piped  rock  in 
which  the  pipes  are  generally  less  deeply  coloured  than  the  rock 
at  their  sides.  In  most  places  the  purple  bands  are  parallel  to 
the  bedding  surfaces,  but  this  is  not  always  so,  and  it  is  probable 
that  the  colour  of  some  parts  is  due  to  staining.  Bands  of  a 
purple  tint  occur  in  some  places  as  far  down  as  the  base  of  the 
piped  rock,  and  even  into  the  top  beds  of  the  false-bedded 
quartzite.  The  quartzite  scar  owes  its  reddish  appearance  in  the 
landscape  partly,  perhaps,  to  these  bands,  but  chiefly  to  haematite 
staining  on  the  joint  faces  and  in  crush  breccias.  The  base  of  the 
trumpet  zone  is  about  80  feet  above  the  bottom  of  the  piped  rock. 
Above  this  zone  comes,  first,  a  rather  massive  bed  which  shows  no 
distinct  pipes,  and  which  weathers  with  a  dirty  yellow  colour; 
then  an  alternation  of  thin  red  and  white  piped  bands — the 
sub- zone  4 — followed  by  massive  white  and  pale-pink  piped 
rock,  up  to  the  top  band,  which  consists  of  thin  red  and  purple 
beds  of  rather  coarse  grain,  and  is  between  eight  and  twelve  feet 
thick.  The  highest  band  is  crowded  with  pipes,  and  contains  a 
few  thin  shaly  beds  rather  like  paris  of  the  fucoid  shale. 

Near  the  north-east  corner  of  Loch  na  Creige  Duibhe  (two 
miles  north  of  Glendhu)  the  piped  quartzite  includes  some 
reddish  purple  seams,  which  are  sometimes  curved  and  twisted, 
though  the  general  bedding  planes  are  even.  The  colour,  which 
may  be  due  to  staining,  only  occurs  on  certain  horizons. 

A  little  south  of  Lochain  Feith  an  Leathaid  (east  of  Glencoul) 
most  of  the  pipes  near  the  base  of  the  pipe-rock  are,  as  usual,  of 
much  smaller  diameter  than  those  higher  up,  but  within  the 
small  pipe  zone,  about  12  feet  from  the  base,  some  layers  enclose 
broader  pipes.  For  80  feet  above  the  bottom  the  piped  quartzite 
is  generally  of  a  massive  character,  and  either  white  or  pale-pink 
in  colour.  This  portion  is  succeeded  by  a  few  thin  beds,  not  more 
than  two  feet  in  thickness  altogether,  of  a  red  or  purple  colour, 
but  with  ])aler  or  almost  white  pipes,  and  then  comes  the 
trumpet-zone. 

Three-quarters  of  a  mile  south  of  Lochan  nan  Caorach  (south- 
east  of  Loch  Glencoul)  a  band  of  thin-bedded  purple  and  blue 
pipe-rock  lies  40  or  50  feet  above  the  base  of  the  pipe-rock.  It 
comes  below  the  trumpet-pipe  zone,  from  which  it  is  separated 
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Iif  a  iridto  oompaofe  maadve  J^ped  rode    The  section  at  i 
top  of  the  qnartiite  IB  here  M  foUbws,  beginiung  at  the  top :  — 

•My  bads,  bat  with  distiaat  pipoa,  6-tO  feet. 
piMrittk  pipttd  rook,  iritli  Mine  thin  blue  ■ 

jTSMOfMt. 

jddWi-parplB  rod  witb  p*lw  ptpw  (nh-zoDo  4) 

n*  Tmi^Mt  aoiM. 

TmM  Skatet. — ^Betweoi  Loch  More  and  Loch  na  Creifj^ 
Dnibhe,  only  one  expoaore  ol  foooid  ahale  has  not  been  moved 
lonrard  by  flinuts.  It  lies  about  half  a  mOe  W.B.  W.  of  Loch- 
mora  Lodj^,  and  makes  a  little  sear  ofverlooking  the  quartzite 
and  ooniinaiu  distinct  for  a  length  of  800  yards  or  more.  It  is 
60  yards  broad,  bat  it  may  not  inohide  the  {op  beds,  for  a  thrust 
eomet  in  on  its  soathem  side  before  any  serpulite  grit  is  seen. 
Between  Loch  na  Oreise  Doiblw  and  Glenoonl  a  OOntmnous  oxtb* 
crop  of  nnthmst  foooia  shale  may  possibly  oreriie  the  guartzite, 
but  in  most  places  the  gronnd  where  the  sule  should  he  ib  covered 
with  drift.  The  same  sone  is  to  be  seen  about  1600  yards  east  of 
the  foot  of  Iiooh  an  Leathaid  Bhvain,  and  in  the  burn  220  rarda 
north  of  Olendhn  House.  At  both  ^ese  places  the  full  thickness 
of  the  shale  is  probably  represented,  with  the  serpulite  grit  lying 
mtumlly  over  it.  Jn  the  ooast-seotion  nearly  a  third  of  a  mile 
Uffth-west  of  Olenooul  House,  some  fuooid  shale  lies  above  the 
qnarfaiite,  and  below  the  lowest  of  the  great  thmsts— the  ' '  sole," 
iriiibh  oarries  the  piled-np  stripes  of  niooid  shales,  serpulite  grit, 
and  limestmie. 

This  snb-diviaion  of  the  Cambrian  series  probably  extends  over 
conaiderahle  areas  in  many  parts  oi  the  thrust  region,  bat  most 
of  this  ground  ia  largely  obscured,  owiug  presumably  to  the  soft- 
ness of  the  shales  and  their  tendency  to  form  low  ground.  The 
best  sections  are  to  be  seen  on  the  coast  and  in  the  islands  near 
Glencoul,  but  they  are  much  confused  with  small  thrusts,  and  the 
shales  are  crossed  by  a  conspicuous  cleavage.  Perhaps  the  beat 
inland  expoaurea  are  those  which  occur  about  700  yards  north- 
east of  the  head  of  Loch  na  Creige  Duibhe,  rather  more  than  a  mile 
soath-east  of  the  head  of  Loch  Glendhu,  and  south-east  of  Loch 
nun  Caorach.  In  the  laat  locality  the  area  which  is  probably 
occupied  by  the  shales  has  a  length  of  more  than  two-thirds  of 
a  mue,  and  in  one  place  a  breadth  of  300  yards.  In  several 
places  among  the  thrust  shales  about  half  a  mile  Bouth-east  of 
Lochmore  Lodge,  and  in  the  islands  near  Glencoul,  thin  bands 
of  compact  cream-coloured  limestone  make  their  appearance, 
weathering  with  a  rusty  surface,  and  differing  in  character  from 
any  part  of  the  Ghrudaidh  limestone.  They  are  not,  probably, 
to  be  regarded  as  wedges  of  this  limestone  pushed  in  along 
thrusts. 

Serpulite  Qrii. — Between  Loch  More  and  Glencoul  only  two 
exposures  of  this  sub-division  appear  to  occur  in  an  unthrust 
condition,  the  one  about  three-quarters  of  a  mile  slightly 
south  of  east  of  the  mouth  of  Loch  ua  Leathaid  Bhuain, 
the  other  in  a  little  bum  270  yards  north  of  Glendhu  House. 
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Good  exposures  of  the  thrust  grit  may  be  seen  on  the  south-east 
side  of  Lochmore  Lodge,  on  the  north  side  of  Loch  na  Creige 
Duibhe,  on  the  south  and  south-east  sides  of  Beinn  a'  Ghrianain, 
on  the  south-east  side  of  Loch  na  Caorach,  and  close  to  Glencoul 
House.  Remains  of  the  serpulites  have  not  been  met  with  in  so 
many  places  as  might  have  been  expected.  They  are  very  dis- 
tinct in  the  grit  1100  yards  E.N.E.  of  the  top  of  Beinn  a'  Bhutha, 
and  three-quarters  of  a  mile  slightly  north  of  west  of  the  top  of 
Beinn  Lice,  south  side  of  Loch  More. 

Calcareous  Series.  —Between  Loch  More  and  Glencoul  no 
portion  of  the  Durness  Limestone  appears  in  an  unthrust  condi- 
tion, and  the  different  outcrops  of  this  series  are  either  much 
disturbed  or  else  to  a  large  extent  hidden  under  drift.  Probably 
by  far  the  largest  outcrop  occurs  in  the  valley*  at  the  head  of 
Loch  na  Creige  Duibhe.  For  a  mile  and  a  quarter  above  the 
loch  the  limestone  may  average  a  third  of  a  mile  in  width.  It 
continues  in  a  narrower  band  under  Beinn  Lice,  and  further 
south  it  appears  to  expand  and  to  attain  again  perhaps  in  one 
place  a  width  of  a  third  of  a  mile.  In  the  valley  referred  to,  many 
swallow  holes,  generally  opening  lo  the  surface  through  drift, 
indicate  the  position  of  the  calcareous  series  below.  The  bare 
limestone  is  almost  confined  to  the  loch  side  or  to  the  banks  of 
the  bum  a  little  above  the  loch. 

In  the  valley  above  Loch  na  Creige  Duibhe  several  different 
zones  of  the  Ghrudaidh  limestone  may  be  discerned,  including 
some  oolitic  bands,  a  dark-grey  brecciated  band,  and  a  black 
massive  limestone  with  worm  ejecta;  but  the  exposures  are  not 
clear  enough  to  show  the  thicknesses  or  relations  of  the  different 
zones.  Rather  more  than  a  third  of  a  mile  S.S.E.  of  the  mouth 
of  the  bum  at  the  head  of  the  loch,  and  also  on  the  hill  1100  yards 
E.N.E.  of  the  loch,  the  oolitic  structure  is  pai*tially  preserved  in 
chert. 

In  this  area  the  Eilean  Dubh  limestone  is  only  known  on  the 
hill  E.N.E.  of  Locli  na  Creige  Duibhe  and  in  the  outcrop  which 
extends  south-east  from  the  head  of  this  loch.  In  the  valley 
above  the  loch,  and  also  near  Beinn  Lice,  the  boundaries  between 
the  Ghrudaidh  and  the  Eilean  Dubh  limestone  are  much  obscured 
by  drift,  but  we  suppose  that  the  latter  limestone  probably 
extends  all  the  way  from  the  loch  to  rather  more  than  a  mile 
south  of  the  top  of  Beinn  Lice.  There  are  also  some  small 
detached  pieces  of  it  near  the  loch  side.  About  300  yards  south 
of  the  mouth  of  the  burn  at  the  head  of  Loch  na  Creige  Duibhe, 
the  limestone  contains  some  thin  white  chert  bands. 

2.    Assj/nt.f 

The  two  members  of  the  arenaceous  series  are  well  displayed 
on  the  eastern   slopes   of  Quinaig.       The   summit   of  Spidean 

♦Called  Strath  nan  Caran  in  the  six-inch  maps. 

t  The  first  three  paragraphs  of  this  section  are  by  L.  W.  Hinxman ;  the  rest 
are  by  B.  N.  Peach  and  J.  Home. 
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Oomidh  u  o*Fp*d  *i^  nMudj  300  feet  of  qnartzite,  including 
flu  vhoie  of  the  \mmi  nsta  tatd  the  two  lower  «ul)-zones  of  tlie 
pDO-roek.  A  onall  oatlier  ai  the  bksal  beds  likewise  caps  the 
UgtMit  peak,  MniQl  of  Sftil  Ohubli.  From  Spidean  Coinicli  long 
riaouted  dip-ilopM  of  pipe-rook,  dipf>ing  east  by  south  at  13"^- 
UO,  deeoend  to  Uie  Allt  S^fiathai^. 

Tbe  vnooofonnable  jnnotum  with  tlie  underlyiug  Torridonian 
■eriet  it  «dl  Men  on  the  mmunit,  along  the  flank  of  Creag  Mhor, 
and  on  the  mat  aide  of  Dmim  na  h'Uaiiilia  Moire.  The  ba«e  of 
tlio  euartsite  ia  luoallT  a  fliin'bed  of  conglomerate,  containittg 
pebluaa  ol  qoarti  and  Idspar  half  an  inch  to  an  inch  and  a  half 
m  lengtit.  The  oon^cnnerate  ia  sacceeded  by  coarse  pinkish 
fala»-badded  grit,  with  two  or  three  thin  bands  of  green  micaceous 
■and^  ahale.  The  ontuop  of  the  basal  quartzite  crosses  the 
Kjdeaka  road  cai»-third  of  a  mile  north-west  of  Loch  na 
Gainmhioh,  and,  creeping  gradually  over  the  Torridonian  strata 
voder  Onoo  CQir*  a  Bhaic,  overlim  an  to  the  gneiss  half  a  mile 
from  the  shore  of  Looh  Glencoitl.  mib-zones  (1-4)  of  the  pipe-rock 
aie  ezpoaed  in  the  deep  gwge  cut  b^  the  stream  flowing  out  of 
hoA  na  Gainmhioh;  and  a  good  section  of  the  flaggy  and  often 
ripple-ma^ed  beds  of  anb-sone  (^,  with  very  large  pipes,  is  seen 
aung  the  Allt  Sgiathaig,  near  Loohan  Feoir. 

The  Cambrian  rooks  are  again  seen  resting  unronformably  on 
the  IiewieiBn  gneias  farther  aonth  between  Lorh  nam  Meallan 
Idaiha  and  the  foot  of  Caniap.  A  small  iulier  of  gneiss  has 
bean  onoaed  by  denqdatitm  in  the  lower  part  of  a  small  burn 
iriiich  fiuls  into  the  Loanan  nearly  opposite  Strouechrubie.  The 
qnartBite  covers  the  summit  of  CaniBp,  and  extends  eastwards  to 
the  River  Loanan  and  Loch  Awe,  and  southwards  to  Cama  Loch. 
Its  strata  are  inclined  to  E.S.E.,  at  angles  varying  from  16^-18° 
on  the  top  of  Caniep  to  6°-12°  on  the  lower  slopes.  The  general 
easterly  inclination  of  these  slopes  nearly  coincides  in  amount 
with  that  of  the  dip  of  the  beds,  so  that  as  we  descend  the  hill- 
sides toward  the  Loanan  we  pass,  as  the  form  of  the  ground 
varies,  alternately  from  pipe-rock  to  basal  quartzite.  The 
irregular  arrangement  of  the  outcrops  is  further  complicated  by 
the  occurrence  of  numerous  normal  faults,  and  by  the  sills  of 
Canisp  porphyry,  which  are  intruded  at  different  horizons  in.  the 
quartzite  along  the  slopes  of  Leathad  Lionach. 

In  the  undisturbed  area  between  Loch  Glencoul  and  Loch 
Assynt,  the  fucoid-beds  follow  the  pipe-rock  in  natural 
sequence,  but  over  the  greater  part  of  this  distance  only  the  lower 
portion  of  the  zone  lies  to  the  west  of  the  flrst  line  of  displace- 
ment. On  the  north  shore  of  Loch  Assynt,  however,  and  in  the 
ground  immediately  to  the  north  thereof,  the  most  westerly 
thrust  appears  in  the  lowest  group  of  dolomites  (Ohrudaidh 
group),  and  at  these  localities  there  are  excellent  sections  of  all 
the  sub-divisions  of  the  Middle  Series,  including  the  bands  that 
yield  the  OleTieUita  fauna.  These  appear  to  the  east  and  north- 
east of  the  mouth  of  Skiag  Burn  (Allt  Sgiathaig  on  Sheet  107), 
about   two  miles   N.N.W.   of   Inchnadamff  Hotel,    where   the 
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fucoid-beds  and  serpulite-grit  are  laid  bare  on  the  shore  of  the 
loch,  and  form  prominent  escarpments  on  the  adjoining  slope. 
The  thickness  of  the  former  zone  is  there  42  feet  8  inches,  and 
that  of  the  latter  29  feet  8  inches. 

On  the  slope  about  200  yards  N.N.E.  of  Skiag  Bridge,  A. 
Macconochie  fonnd  a  thin  seam  crowded  with  fragments  of 
Oletiellas,  the  position  of  which  is  shown  in  the  subjoined  section. 

Ft.  In. 

8.  Serpulite  grit  with  abundant  examples  of  ScdtereUa        -         — 

7.  Blue  shale  with  small  pipes 2      9 

6.  Soft  cream-coloured  shale  with  numerous  fragments  of 

Olenellus,  particularly  of  0.  Laptoorthi     -         -         -      0      3 
5.  Well-bedded  sandy  dolomitic  bands  with  flattened  worm- 
casts         ...-.-.-.       4      0 
4.  Finely-bedded  blue  shale  with  Hyoliihes        -         -         -       1      6 
3.  Irregularly-bedded  dolomitic  bands       -         -        -        -      3      0 

2.  Blue  shale 6      0 

1.  Massive  Fucoid  beds  at  the  base. 

Following  this  outcrop  southward  to  the  margin  of  the  lake, 
the  observer  there  finds  the  soft  shale,  charged  with  fragments  of 
Olenellics,  about  three  feet  from  the  base  of  the  serpulite-grit. 
It  is  interesting  to  note  that  the  position  of  this  important  sub- 
zone  at  Loch  Assynt  closely  corresponds  with  its  horizon  at  An 
t-Sron,  on  the  east  shore  of  Loch  EireboU,  and  differs  to  some 
extent  from  that  in  the  typical  section  south  of  Kinlochewe  in 
Ross-shire  (pp.  394  and  414). 

The  overlying  serpulite-grit,  which  forms  a  small  area  on  both 
sides  of  the  road  east  of  Skiag  Bridge,  is  there  divisible  into  two 
portions — an  upper  bed  with  carious  layers,  crowded  with 
Salterella  Maccidlochiy  and  a  lower  one  in  which  that  organism 
occurs  sporadically,  sometimes  as  dark  solid  bodies,  and  again  as 
hollow  casts.  The  worm  burrows  are  also  typically  represented, 
in  some  instances  in  the  solid  form,  and  in  others  they  are  dis- 
solved out,  thus  giving  the  rock  the  appearance  of  a  log  of  wood 
bored  with  teredos.  Next  in  order  come  the  basal  beds  of  the 
lowest  group  of  dolomites  and  limestones  (Ghrudaidh),  compris- 
ing the  calcareous  shales  and  both  bands  of  dolomite  containing 
SaliereUa,  the  upper  one  being  30  feet  above  the  serpulite-grit. 
A  few  yards  to  the  east  the  section  is  interrupted  by  the  first 
reversed  fault. 

For  some  distance  south  of  Loch  Assynt  the  Fucoid-beds  are 
not  visible  in  the  undisturbed  area,  being  concealed  by  drift  and 
alluvium,  but  beyond  Stronechrubie,  between  Allt  nan  XJamh 
and  Elphin,  they  appear  at  intervals  overlain  by  the  serpulite- 
grit  and  occasionally  by  a  patch  of  the  basal  limestone,  all  in 
natural  sequence. 

In  the  sequel  (Part  IV.),  detailed  descriptions  are  given  of  the 
extraordinary  reduplication  of  the  members  of  this  system  in  the 
area  affected  by  the  post-Cambrian  movements.  Within  that 
area,  the  double  unconformability  of  the  quartzite  on  the 
Torridon  Sandstone  and  Lewisian  crneiss  can  still  be  detected  on 
b2 


402 


Vnmtrritin  SrHt 


Ben  More,  on  Sgonnan  Mor  north  of  Loch  Ailsh,  and  again  on 
Beion  an  Fhuaiain,  about  tliree  miles  south  of  Inchnadamff 
Hotel.  Both  divisions  of  the  arenaceous  series  are  largelir  repre- 
sented on  the  lofty  ridge  that  extends  from  Glas  Bheinn  by 
Beino  Uidhe  to  Ben  More,  and  southwards  by  Braebag  to  the 
sources  of  the  Letlbeg  River  al  Lubau  Croma.  On  the  east  side 
of  that  watershed  they  ai'e  traceable  from  Gorm  Loch  Mnr 
aouthwards  to  near  Kinlochailsh,  where  they  display  in  a  marked 
degree  the  effects  of  post- Cambrian  movements.  South  of  the 
mountainous  region  of  Assynl,  outliers  of  quartzite,  sometimes 
with  a  core  of  thrust  Lewiaian  gneiss,  are  found  at  various 
localities — as,  for  instance,  one  mile  south  nf  Elphin. 
between  Cama  Loch  and  Loch  TJrigill ,  on  the  moor  one  and  a  half 
miles  south  of  the  latter  lake,  find  on  Cnoc  Glas  Choille  and  Cnoc 
a'  Chaoruinn,  about  five  and  six  miles  respectively  south-east  of 
Elphin. 

In  Assynt,  whei-e  the  five  anb-zones  of  the  pipe-rock  were  first 
detected,  measurements  of  their  thicknesses  were  taken,  and  aiv 
given  below  in  descending  order : — 


MoHflive  purjile  grit  nith  vertical  ]ii|H.v         • 

Flaggy    (jimrtKitea    with    pi'ik    anil    wliit«  1 
■■       ■"         "iwlly  of  It  difforeat  I 
ix  ;   the  lower  beds  r 
ichea  in  thicknesa  -  J 

Massive  fine-grained  while  quoitat*  with  1 
rusty  surface,  ptob«bly  on  the  horiBon  of  V 
the  SaltereUa  hand  on  Beioii  Arcuil         -J 

Flaggy  quHi-tzit«B,  HometimuH  false- bedded,  1 
with  certain  bajida  containing  lat^e  piims  I 
3  ur  4  inches  ivcroaw,  and  passing  dt-wn-  f 


lifHeeX. 


,  ifhli 


i.lJJL- 


1-1  ick 


{Massive  quartzite  in  bandb  from  I  to  3  feet) 
thick,  with  aniall  pipes  about  ^-inch  in  > 
diameter         ■        ■        -       r-        -        -  J 

TMaBaive  whit«  saccharoidal  quartzite  bedB,*! 

I,  <       averaging  from  3  to  4  feet  in  thickness,  'f 

1^       with  small  pipes  about  J-inch  in  diameter  j 


It  is  worthy  of  note  that  the  lithological  character  of  the  strata 
forming  the  nighest  sub-zone  of  the  pipe-rock  in  Assynt  differs 
considerably  from  that  in  the  Eireboll  region.  In  Assynt  the 
prominent  feature  is  a  coarse  friable  quartzose  grit  with  vertical 
pipes,  while  at  Eireboll  the  rock  is  hard  compact  quartzite, 
becoming  flaggy  towards  the  top,  with  bands  nf  rusty  shale. 

Throughout  the  thrust  area  in  Assynt  the  members  of  the 
Middle  Series  have  a  wide  distribution,  to  which  only  a  brief 
allusion  can  here  be  made.  They  cover  broad  areas  in  the  hollow 
along  AUt  Sgiathaig,  south-east  of  Quinng.  and  on  the  crest  of 
Beinn  an  Fhurain  (two  and  a  half  miles  east  of  Inchnadamff), 
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They  extend  up  the  valley  of  the  Traligill,  and  form  narrow 
strips  along  the  crest  and  western  slopes  of  Breabag.  Far  to  the 
east  they  appear  at  Loch  Ailsh,  and  on  the  western  slopes  of  Cnoc 
a'  Chaoruinn,  and  to  the  south  on  the  peaty  moorland  north-west 
and  south-east  of  Loch  Urigill. 

In  like  manner,  the  members  of  the  Calcareous  Series  have  a 
large  development  among  the  displaced  masses  in  Assynt.  From 
the  base  of  the  western  slope  of  Glas  Bheinn  they  stretch  south- 
wards by  Achumore  to  the  Traligill  and  Allt  nan  Uamh  (two  and 
a  half  miles  south  of  Inchnadamff) ,  near  which  the  belt  is  about 
two  miles  broad.  The  highest  beds,  forming  part  of  the  Sail- 
mhor  division  (Group  III.)>  are  exposed  on  the  plateau  a  mile  and 
a  half  south-east  or  Inchnadamff  Hotel.  It  is  interesting  to 
observe  that  all  tlie  sub-zones  of  the  lowest  group  (Ghrudaidh) 
met  with  in  Eireboll  have  been  identified  on  the  plateau  between 
Achumore  and  Inchnadamff,  where  the  total  thickness  of  this  sub- 
division is  115  feet.  South  of  the  mountainous  region  the 
dolomites  and  limestones  stretch  across  the  peaty  moorland 
south-east  of  Elphin  for  a  distance  of  four  miles,  where  only  the 
two  lowest  sub-divisions  are  represented. 

A  feature  of  special  interest  in  the  south-eastern  part  of 
Assynt  is  the  contact  metamorphism  of  the  dolomites  and  lime- 
stones by  the  post-Cambrian  intrusive  rocks,  to  which  attention 
will  be  directed  in  Chapter  XXXI.  Where  these  have  been 
invaded  by  the  great  plutonic  mass  of  Cnoc  na  Sroine  and  Loch 
Borrolan  (six  miles  south  of  Inchnadamff),  they  have  been 
altered  into  saccharoidal  marbles,  which,  at  several  localities, 
were  formerly  quarried.  In  the  tract  between  Loch  Awe  and 
the  Ledbeg  lliver  above  Loync  a  gradual  passage  can  be  traced 
from  the  normal  dolomites  and  limestones  of  the  Ghrudaidh  and 
Eilean  Dubli  groups  into  the  ciystalline  marbles,  in  which  the 
original  characiors  are  effaced.  The  stratigraphical  horizon  of 
the  calcareous  bands  is  proved  by  their  position  relative  to  the 
fucoid-beds  and  SaJk'rella-gvit.  As  shown  in  Sheet  101,  repeated 
outcrops  of  the  latter  zones  occur  between  Loch  Awe  and  Loyne, 
and  again  about  half  a  mile  up  stream  from  the  shepherd's 
house,  in  association  with  the  overlying  dolomites  ana  lime- 
stones. 

As  the  area  covered  by  the  granite  and  syenite  east  and  west 
of  Loch  Borrolan  is  large,  the  marl)le  has  a  wide  distribution. 
In  addition  to  the  exposures  on  the  south  bank  of  the  Ledbeg 
River  above  Loyne,  it  appears  in  that  stream  between  Loyne 
and  Ledbeg,  and  on  the  hill  slope  about  half  a  mile  north-west  of 
the  latter  cottage.  On  the  southern  margin  of  the  igneous 
mass,  it  is  found  on  the  north  shore  of  Loch  Urigill  and  on  the 
moor  between  that  lake  and  Ledmore  ;  on  the  east,  it  appears 
west  of  Cnoc  a'  Chaoruinn  bv  the  road  leading:  to  Loch  Ailsh  and 
on  the  moor  northwards  to  Strathsheaskich  (Sheet  102) ;  while 
towards  the  north  it  is  visible  in  some  streamlets  draining  south- 
westwards  towards  Luban  Croma.  At  the  last  of  these  places 
the  marble  is  in  contact  with  borolanite. 
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3.  Knockaji  to  Strath  JTonoM.* 

^^Tfi^wcoid-teds  and  aerpulife-grit  are  very  well  diapfayt 

alflug  the  Hue  of  the  Ullapool  road  between  Elphin  and  Strath 
Kanaird.  The  eastern  slopes  of  Ciil  Mor  are  occupied  by  the.' 
basal  quartKite,  resting  unooninrniably  on  tbfi  Torridonian 
Sandstone,  and  succeeded  near  the  foot  of  the  hill  by  the  pip^ 
rock,  both  dipping  south-east  at  angles  varying  from  12'^  to  20°. 
The  fiicoid-beda  and  serpnlite-grit  follow  in  natural  sequence, 
and  are  seen  in  vertical  section  at  the  roadside  immediately  west 
of  the  village  of  Knockan,  and  at  the  foot  of  the  Knockan  cliff. 
The  lower  shales  of  the  fucoid-beds  ate  here  typically  developed, 
and  are  crowded  with  flattened  worm-casts  (the  so-called 
"  fucoids").  Tlie  soft  ahale  band,  which  in  other  localities  has 
yielded  abundant  remains  of  trilobites,  was  here  found  to  be  un- 
productive, but  fragments  of  Olenethis  Lapworlhi  were  obtained 
hy  A.  Macconochie  in  a  thin  calcareous  band  immediately  over* 
lying  the  shale- 

At  the  southern  end  of  Cnoc-an-t-Sasunnaich  (two  and  a  half 
miles  south-west  of  Elphin),  a  north  and  south  fault  crosses 
Lochan  Fasaidh  and  throws  the  Cambrian  outcrops  down  below 
the  road.  From  this  point  southwards  the  Cambrian  strata  are 
compressed  into  a  belt  not  more  than  one-third  of  a  mile  in 
average  width,  and  they  rise  in  a  series  of  low  escarpmeata 
inclined  to  soiith-eaat  at  160-22°  from  the  valley  of  the  Runie 
River  to  the  level  of  the  road  between  Drumninie  Lodge  and 
Achendreaii.  Crags  of  the  dolomitic  limeatoae  of  the  Jfucoid- 
beda  with  bright  ochreous  weathering  are  conspicuous  at  several 

glints  along  the  roadside,  and  are  known  as  the  Clachan 
uaidh  (Hed  Stones).  At  Achendrean  the  fucoid-beds  and 
8en>ulite-grit  descend  to  the  Iliver  Kanaird,  and  are  there  shifted 
halt  a  mile  up  the  valley  to  Achnacairnen  by  the  left-hand 
branch  of  the  powerful  Strath  Kanaird  fault. 

*  By  L,  W.  HinxniMi. 


CHAPTER    XXVI. 

CAMBRIAN  AREA  FROM  STRATH  KANAIRD  TO 

STRATH  NA  SHEALLAG.* 

In  Strath  Kanaird  the  quartzite  is  repeated  by  a  north-east 
fault.  Its  western  portion  rises  to  no  great  altitude,  and  soon 
ends  to  southward,  while  the  eastern  forms  a  narrow  band  ex- 
tending to  Loch  Broom.  Near  Creag  na  h  lolaire  it  reaches  a 
height  of  more  than  900  feet,  and  in  Creag  na  Feola  of  824 
feet.  From  the  sea-level  at  Loch  Broom  it  rises  to  1400  feet 
near  Loch  Sagaidh,  to  fall  again  in  the  valley  of  Little  Loch 
Broom,  whence  it  rises  gradually  to  over  1500  feet  to  the  east  of 
An  Teallach,  while  in  the  three  outliers  on  the  spurs  of  that 
mountain  it  exceeds  a  height  of  3000  feet.  Along  the  greater 
part  of  its  course  the  quartzite  forms  a  series  of  crags  facing 
the  west,  with  dip  slopes  to  the  east.  These  white  steep 
slopes,  very  noticeable  to  the  south  of  Dundonnell,  are  beauti- 
fully polished  by  glacial  action,  and  as  the  dip  is  from  15^  to 
20^,  tney  are  in  some  places  impassable.  Except  near  Ullapool, 
the  thrust  Cambrian  strata  lie  generally  at  a  lower  elevation 
than  those  which  have  not  been  involved  in  the  displacements. 
The  higher  Cambrian  rocks  (limestone  and  fucoid-beds)  do  not 
form  conspicuous  features  in  the  district,  and  as  a  general  rule 
occur  at  lower  altitudes  than  the  quartzite. 

Although  the  Cambrian  quartzite  is,  here  as  elsewhere,  un- 
conformable on  the  Torridon  Sandstone,  few  sections  in  this 
district  exhibit  the  fact  in  small  compass.  The  base  of  the 
quartzite  is  usually  marked  by  a  conglomerate,  sometimes  eight 
or  ten  feet  thick,  which,  while  it  has  been  in  the  main  derived 
from  the  Torridon  Sandst^one,  is  quite  different  in  character  from 
that  rock.  But  it  must  be  confessed  that  there  often  seems  to  be 
no  marked  difference  of  dip  in  the  two  formations  either  as 
regards  direction  or  amount.  Probably,  taken  all  together,  the 
dip  of  the  Torridon  Sandstone  is  more  variable  and  at  lower 
angles  than  that  of  the  overlying  quartzite.  It  does  not  average 
more  than  10^,  while  in  the  quartzite  the  inclination  is  almost 
everywhere  from  15^  to  20^.  Further,  the  direction  of  dip 
in  the  Torridon  series  is  generally  towards  south-east,  while  that 
of  the  quartzite  is  steadily  about  E.S.E.     In  certain  places, 

*  By  W.  Gunn.  The  district  described  in  this  chapter  is  comprised  in 
Sheets  92  and  101  of  the  Geological  Survey  Map  of  Scotland,  on  the  scale  of 
1  inch  to  a  mile  (ittvt). 
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indeed,    the    Tuuxmionaabili^    is    strikiiigly    visible,    as    on 
ihe  Kmtli  aide  of  Beinn  Qiabhaia,  nortii  of  the  UUapooi  Biver ; 
imdar  Cnoo  ua  Cioiohe,  to  tiie  mirtb.  of  Hill  Cottage,  IJllapool ;    ■ 
and  on.  ibe  ground  to  the  east  of  the  Uoysi  Hotel.       Perhapst  ,| 
homrrer,  the  best  Bection  in  ihis  district  to  show  tlie  uncocform-jj 
nbilitjr  between  the  two  fonnations  is  to  be  seen  near  the  quarry 
to  tile  south-east  of  the  hotel,  not  far  from  the  smithy,  where 
the  ieregiilai'ly-bedded  and  nearly  horisontal  Torridon  Sandstone 
is  ontrlun  by  the  qtiartaite,  which  presents  its  usual  steadv  dip 
of  iSP-lbo  to  the  E.S.E. 

Qimfimtt. — Oenetmlly  throughout  this  district  the  lower 
portioD  of  the  Camlnian  series,  from  the  base  of  the  qoartzits  up 
to  flu  serpnlite  grit,  can  be  traced  in  complete  or  unbroken  sno- 
BSBsion;  but  the  XNuness  limestone  is  not  continuouB,  and  is 
man  at  less  thrust  almost  emrywheae.  It  principally  occurs 
between  Stnthkanaird  and  the  Ullapool  Itiver,  and  is 
OOB^ifiions  at  the  latter  |daoe.  South  of  Loch  Broom  it  is  only 
iaattA  in  one  idaoe,  east  of  Dundtmnell  Lodge.  The  thrust 
martrite  whiiut  occurs  north  of  Uie  TJU&pooI  valley  is  mostly 
]iap»>rock,  or  the  npper  dirision.  The  basal  quartzite  in  this 
ana  seems  generally,  from  the  mean  of  several  estimates  or 
msasnied  sections,  to  be  about  325  feet  thick,  and  the  pipe-rock 
fnim  250  to  300  feet.  The  basal  breocia  or  conglomerate  may 
be  seen  at  Creag  na  h  lolaire,  to  the  north  of  Ullapool.  It  is  ww 
exposed  south  tu  Looh  Broom,  near  the  sm:i]l  lochs  west  of  Looh 
Lagaidh,  and  in  the  main  burn  east  of  Duudounell  Lodge.  la 
the  bom  west  of  Camaa  a  Ghonnaidh,  Loch  Broom,  where  it 
reaches  a  thickness  of  10  feet,  it  is  mainly  pink  in  colour  from 
the  large  felspar  fragments  derived  from  the  underlying 
Torridon  Sandstone.  The  false-bedding  of  the  basal  quartzite  is 
well  exhibited  by  the  roadside  to  the  south-east  of  Ullapool, 
about  500  yards  east  of  the  Itoyal  Hotel,  where,  while  the  true 
dip  in  white  quartzite  is  12°  to  15°  to  E.S.E.,  the  false-bedding 
dips  S.  30°  E.  at  25°-30°.  About  150  yards  farther  cast  the 
true  bedding  preserves  the  same  inclination  and  direction,  but 
the  false-bedding  dips  S.  35°  E.  at  20°-25O.  This  basal  quartzite 
is  banded,  pink  and  white,  and  is  generally  coarse — in  fact, 
aome  parts  of  it  may  be  called  conglomerate.  Coarse  or  gritty 
bands  abound  in  it,  and  in  the  stream  east  of  Dundonnell  Lodge 
it  includes  a  thin  band  of  hard  shale  several  inches  thick.  A 
similar  or  perhaps  the  same  band  was  observed  by  the  side  of  the 
fault  due  east  from  the  middle  spur  of  An  Teallach. 

The  usual  sub-divisions  in  the  pipe-rock  can  be  traced  through 
this  district,  and  sections  of  them  abound  in  the  scars  and 
streams.  Perhaps  the  best  general  section  of  the  Cambrian 
rocks  here  to  be  found  lies  along  the  banks  of  the  Ullapool  River, 
to  the  north-east  of  Ullapool.  The  white  glaciated  quartzite  is 
conspicuous  in  the  scars  to  the  east  of  Ullapool  and  along  the 
shores  of  Loch  Broom,  south  from  that  village,  A  fine  exposure 
of  the  vertical  pipes  may  he  seen  in  a  scar  by  the  side  of  the 
fault  which  crosses  the  quartzite  in  a  north-east  direction  on  the 
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south  side  of  the  valley  of  Little  Loch  Broom  and  south-west  of 
CoiTj'^halHe.  As  a  general  rule,  the  most  prominent  inland 
quartzite-scars  are  formed  by  the  false-bedded  quartzite, 
together  with  a  portion  of  the  overlying  pipe  rock,  but  the  whole 
thickness  of  the  quartzite  is  never  to  be  seen  here  in  any  single 
scar.  Good  sections  are  displayed  on  Creag  na  Feola,  a  mile  and 
a  half  north  of  Ullapool,  and  at  Creag  na  Fhithich,  on  the  south 
side  of  Loch  Broom,  to  the  west  of  Camas  a  Chonnaidh. 

The  upper  zones  of  the  pipe-rock  are  well  exposed  in  a  low 
scar  by  the  roadside  opposite  the  Braes  of  Ullapool,  the  coarse 
red  grit  being  particularly  well  seen,  and  the  following  section 
was  measured  to  the  east  of  a  small  stream  called  Allt  Glac  anH 
Seilich,  which  falls  into  the  Ullapool  River  on  the  north  side 
about  a  mile  and  a  quarter  above  the  bridge :  — 

Fucoid  Beds. 

Piped  (juartzite,  thin  and  impure  towards  the  top, 
Grit,  red  below  and  whitish-yellow  above,  -         -         - 
Grit,  coarse,  red,  piped,       ...... 

Gap,  probably  coai*se  grit,    ------ 

Grit,  thick-bedded  and  coarse  above,  but  mostly  fine, 

red,  with  few  pipes, 14    0 

Thin-bedded  layers  of  red  and  light-coloured  rock 
alternating,  seen  in  places ;  many  white  pipes 
(sub-zone  4), 12    0 

The  remarkable  outliers  of  quartzite  which  cap  the  three 
eastern  spurs  of  An  Teallach  furnish  evidence  that  the  Cambrian 
rocks  once  extended  much  further  to  the  west  than  they  now  do. 
The  most  northerly  of  these  outliers  on  Glas  Mheall  Mor  is  an 
oval  patch,  about  130  yards  long,  consisting  of  only  a  portion  of 
the  lower  part  of  the  basal  quartzite,  with  some  five  or  six  feet 
of  the  basal  conglomerate.  Each  of  the  others  embraces  the 
whole  of  the  basal  quartzite,  together  with  a  small  part  of  the 
pipe- rock ;  but  much  of  the  rock  is  loose  and  slightly  out  of 
place,  and  the  junction  with  the  Torridon  Sandstone  along  the 
hillsides  is  much  obscured  bv  debris  from  above.  In  each  of 
these  detached  areas  the  rock  has  the  same  dip  as  in  the  mam 
mass  to  the  eastward,  viz.,  ] 5^-18°.  The  outlier  in  Sail  Liath 
is  tlie  largest  of  the  three,  and  affords  the  best  sections,  though 
the  central  one,  ^vhich  caps  the  spur  called  Glas  Mheall  Liath, 
presents  the  most  striking  appearance  as  seen  from  the  east, 
whence  it  assumes  the  form  of  an  almost  perfect  cone,  though  in 
reality  it  is  only  the  steep  extremity  of  a  ridge,  slightly  higher 
than  the  part  connecting  it  with  the  main  mass  of  the  mountain. 
Further  proof  of  the  former  westerly  extension  of  the  Cambrian 
f oimation  is  furnished  by  the  detached  portions  of  them  observable 
in  various  places  on  the  downthrow  side  of  the  large  fault  that 
passes  in  a  S.S.W.  direction  through  Coigach  and  by  the 
entrance  to  Little  Loch  Broom.  The  largest  of  these  out- 
liers is  exposed  on  the  shore  west  of  the  Free  Church,  Achilti- 
buie  (east  side  of  Baden  Bay),  and  lies  about  nine  miles  to  the 
west  of  the  main  outcrop.     Both  the  basal  quartzite  and  the 
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pipe-rock  are  here  represented  in  their  natural  order,  though 
many  of  the  beds  are  much  crushed,  especially  thoae  of  the  pipe- 
rock  which  lie  uearest  to  the  fault. 

Another  isolated  patch  of  quarlziie  may  be  seen  near  the  fault 
w«8t  of  Scoraig,  on  the  north  side  of  the  entrance  to  Little  Loch 
Broom.  A  third  example,  though  too  small  to  be  marked  on 
the  map,  is  of  sufficient  interest  tfi  d&servc  notice.  It  occurs  on 
the  south  Bide  of  Gruinard  Bay  and  on  the  southern  slope  of 
Beinn  Uearg  Bad  Chailleach  (north-west  comer  of  Sheet  92). 
Perhaps  the  rock  should  be  regarded  as  a  mass  of  fault-breccia, 
bnt  its  existence  here  certainly  proves  the  former  extension  of 
the  Cambrian  strata  at  least  as  far  west  as  this  place.  Fine 
whit«  and  grey  siliceous  grit,  which  is  seen  here  in  place  and  can 
be  traced  by  fallen  l)lock8  for  about  30  yards,  almost  certainly 
belongs  to  the  serpulite-grit,  while  a  mass  of  limestone,  three 
feet  long  and  nine  inches  thick,  is  observed  in  another  place. 
These  Cambrian  relics  are  situated  about  11^  miles  to  the  west 
of  the  main  outcrop  of  the  aeriea. 

Fucoid.  Beds. — This  sub-diviaion  mainlaina  throughout  the 
district  its  usual  character  of  laminated  or  flaggy  impure  yellow 
compact  limestone  bands,  alternating  with  fine  compact  gritty 
bands  and  layers  of  hard  shale.  It  is  not  well  exposed  in  the 
mvund  south  of  Loch  Broom,  but  numerous  sections  of  it,  both 
in  the  nntbrunt  aud  thrust  areas,  occur  near  Ullapool  and  in 
Strathkanatrd.  One  of  the  best  of  them  has  been  already  alluded 
to  as  yisible  on  the  north  side  of  the  Ullapool  River.  Other  good 
sections  have  been  laid  open  by  the  Corry  Burn,  near  the  cloth 
mill  south  of  the  Braes  of  Ullapool,  and  along  the  shore  of  Loch 
Broom  to  the  southward.  In  the  latter  place  the  dark  shaly 
bands  have  been  well  searched  several  times  for  the  OleneUus- 
faiina,  but  hitherto  only  fragments  have  been  found.*  The 
fucoid-beds  seem  to  be  entirely  cut  out  under  the  scar  called 
Croag  Chorcurach,  east  of  Dundonnell  Lodge,  the  Moine-schist 
being  thrust  over  the  quartzite. 

Serpuliie  Orii. — The  Serpulite  grit  is  here  generally  well 
exposed  near  the  same  places  where  the  fucoid-beds  crop  out, 
such  as  many  parts  of  the  ground  south  of  Strathkanaird  and 
up  the  Ullapool  River,  especially  on  the  north  side.  In  the 
Corry  Bum,  south  of  Ullapool,  this  grit  forma  a  single  mass  about 
16  feet  thick,  which  has  given  rise  to  a  waterfall  just  below  the 
bridge.  In  many  places  it  appears  as  a  small  crag  crowning 
the  fncoid-beds.  Throughout  the  greater  pari  of  the  district  aU 
the  strata  above  the  serpulite  grit  have  been  displaced  by  thrust 
movements.  South  of  Loch  Broom,  under  Creag  Chorcurach, 
the  serpulite  grit  disappears,  together  with  the  fucoid-beds. 
It  is  also  cut  out  by  the  Moine  thrust  for  a  distance  of  from  two 
to  three  miles  near  Achneigie  in  Strath  na  Sheallag,  about  five 
miles  south  of  Dundonnell  Inn. 

*  lu  1894  A.  Macconochie  detected  fragments  of  triluliites  toicether  with 
other  foesils  on  both  Hides  of  Loch  Broom,  nnd  in  variouH  places  to  ih» 
north  of  UlUpool. 
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Durness  Limestone. — This  important  member  of  the  Cambrian 
series,  owing  to  normal  faults  as  well  as  to  thrusts,  has  been 
isolated  in  several  small  detached  areas  south  of  Strathkanaird, 
but,  as  most  of  the  sections  are  intimately  connected  with  the 
•thrust-movements,  their  description  is  reserved  for  Part  IV. 
The  largest  area  lies  to  the  north  of  Loch  na  Maoile.  Another 
extensive  outcrop  may  be  seen  about  Loch  Ob  an  Lochan. 
Where  the  rock  is  not  covered  with  drift  it  supports  a  short 
green  grassy  herbage,  which  presents  a  great  contrast  to  the 
surrounding  darker  heathery  ground.  For  some  distance  south 
of  Loch  Dubh,  although  no  Kmestone  is  seen  at  the  surface,  a 
swallow-hole  indicates  its  presence  in  at  least  one  place.  In  the 
valley  E.N.E.  of  Creag  na  Feola  (north  of  Ullapool)  the  lime- 
stone again  appears,  and  is  repeated  four  times  owing  to  the 
effect  of  two  cross  faults.  The  most  southerly  of  these  four 
exposures  is  cut  off  by  a  thrust  which  brings  over  it  the  lime- 
stone first,  the  Torridon  Sandstone,  and  afterwards  a  complicated 
assemblage  of  other  rocks,  until  at  the  extensively-aenuded 
Ullapool  valley  a  large  area  of  limestone  is  again  laid  bare.  The 
calcareous  rocks  are  here  unfossiliferous.  They  no  doubt  belong 
to  the  two  lower  zones — the  Ghrudaidh  and  the  Eilean  Uubh — 
which,  however,  cannot  well  be  differentiated  owing  to  the 
numerous  small  thrusts  which  traverse  them,  and  which  greatly 
exaggerate  their  true  thickness.  Most  of  the  limestone,  which 
has  been  largely  quarried  and  burnt  for  lime,  is  of  a  white  colour, 
and  probably  belongs  to  the  Eilean  Dubh  sub-division.  Several 
small  outcro])s  of  the  limestone  are  found  among  the  thrust  rocks 
east  of  Ullapool.  An  interesting  section  occurs  at  the  bridge 
over  the  Corry  Burn,  three-quarters  of  a  mile  south-east  of 
Ullapool,  where  a  dark- grey  oolitic  limestone  (with  serpulites)  is 
overlain  by  thrust  Torridon  Sandstone.  This  band  extends 
some  distance  southwards,  and  a  quarter  of  a  mile  from  the 
bridge  it  is  thrown  up  nine  feet  by  a  normal  E.N.E.  fault,  and 
soon  disappears  under  the  waters  of  Loch  Broom.  No  limestone 
is  exposed  beneath  the  thrust  rocks  for  several  miles  southwards 
from  Loch  Broom,  until  at  the  principal  burn  east  of  Dundonnell 
Lodge  (the  one  that  issues  from  Loch  a'  Chamain  Bhain)  the 
following  section  is  to  be  seen :  — 

Thrust  Ton-idon  Saudstono. 

Grey  limestone,     -             -  -     about  26  foet. 
Serpulite  grit,        -             -  -      12  to  15  feet. 
Fucoid-beds,   llaggy,    rather  sili- 
ceous,             -            -  -          a  few  feet. 

Further  south  for  many  miles  no  trace  of  the  Durness  lime- 
stone is  to  be  seen. 

It  seems  probable  that  a  fault  runs  along  the  line  of  Loch 
Broom  to  the  south  of  Ullapool,  having  a  downthrow  to  the 
north-east.  The  Cambrian  rocks  on  each  side  of  the  loch  have 
the  same  dip  and  strike,  the  dip  being  generally  E.S.E.  at  angles 
of  15^  to  20°.  Were  there  no  fault,  any  given  bed  should  be 
found  on  the  south  side  of  the  loch  to  the  S.S.W.  of  the  same 
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ibed  on  the  opposite  side.  But,  as  a  matter  of  fact,  tlie  outcrops 
<an  the  aoath  nde  lie  almost  due  south  of  those  au  t}m  north.  The 
thnut  planea  ukd  rocks  between  them  appear  also  to  be  sbUWl 
in  the mtte  way,  and  the  Moiue-tbniBt,  which  on  the  east  side 
it  foond  at  Camu  An  IJaimh.  appears  on  the  weat  side  far  up  the 
loeh  near  BhiZOT,  mid  nearly  S.S.E.  from  its  eorreeponding 
.BOaiticBi  on  the  other  gide,  instead  of  S.S.W.  as  we  should  expect 
it.  Confiimaiory  evidence  has  been  obtained  south  of  Inver- 
Isoam,  above  the  head  of  the  loch,  that  this  yalley  and  locb  lie 
.ilimg  a  line  of  fault. 

A  little  to  the  north  of  the  mouth  of  the  Cony  Burn  many 
mall  faiolta  lange  E.N.E.,  and  throw  down  north  from  a  few 
iiuihea  to  aboat  two  feet.  Still  fui'tber  north  several  lines  of 
nqvtnxe  traTene  ihe  quartzite  in  the  same  direction.  Opposite 
tihe  Boyal  Hotel  a  more  considerable  fault  mm  also  E.N.E.. 
with  a  downthnnr  to  the  north.  Au  east  and  west  fault  appears 
■loDg  the  next  burn,  where  tlie  quartzite  is  much  crushed. 
Blanch  lanlta  strike  olf  from  this  dislocation  to  the  N.N.E.,  and 
an  pnbal^hr  oonnected  with  the  large  fault  which,  crossing  the 
Tnii4)0(d  JEUver  in  tbis  direction,  has  a  throw  considerably 
neater  tiuu  the  whole  thickjiess  of  the  basal  quartzite — not  loss. 
tiierefore,  than  300-400  feet.  This  fault  is  one  of  the  two  that 
repeat  the  limesttme  east  of  Creag  na  Feola — the  other  being  a 
1k^  fsnlt  ranging  E.S.E.,  and  throwing  down  on  the  north. 
In  Strathkanaird  two  large  faults  cross  one  aootber,  and  nearly 
repeat  the  oarioiu  arrangement  seen  east  of  Creag  na  Feolu. 
One  of  these,  which  trends  to  the  north-east,  runs  nearly  along; 
the  road  between  Ardiuuir  LUid  SfutbliLuiainl  fnr  :,  di^tanr^  of 
two  miles.  The  crushed  rock  which  accompanies  it  has  doubtless 
materially  contributed  to  the  formation  of  the  valley  in  which 
the  road  runs.  This  dislocation  must  have  a  downthrow  to.  the 
north-west  of  700-800  feet,  as  it  is  considerably  more  than  the 
total  thickness  of  the  quartzite.  As  the  fault  proceeds  north  of 
the  river  its  throw  becomes  a  good  deal  less,  and  it  probably  is 
taken  in  part  by  the  east  and  weat  fault  which  runs  nearly 
parallel  to  the  valley,  and  which  also  throws  down  on  the  north, 
60  as  to  bring  the  base  of  the  quartzite  on  the  south  side  opposite 
to  the  serpulite  grit  on  the  north  side.  This  must  be  a  vertical 
displacement  of  600-700  feet. 


CHAPTER  XXV 11. 

CAMBEIAN  AEEA  FROM  STRATH  NA  SHEALLAG  TO 

KISHORN.* 

In  the  undisturbed  area  between  Strath  na  Sheallag  and  Loch 
Maree,  the  Cambrian  strata,  ranging  in  places  from  the  basal 
quartzite  to  the  lowest  members  of  the  Durness  dolomites,  form 
a  comparatively  narrow  belt  resting  on  the  Torridon  Sandstone. 
In  the  northern  part,  especially  between  Sgilrr  Bkn  and  Beinn  a' 
Chlaidheimh,  the  discordance  between  the  two  formations  is 
clearly  displayed,  bed  after  bed  of  the  red  sandstones  being 
transgressed  by  the  basal  quartzites.  South  of  Lochan  Fada, 
however,  where  the  observer  follows  a  strike  section  for  a  dis- 
tance of  two  miles,  the  unconformability  is  not  very  apparent, 
though  the  boundary  between  the  two  is  distinctly  traceable. 

The  members  of  the  arenaceous  series  extend  along  the  base  of 
the  eastern  slope  of  the  Loch  an  Nid  valley,  thence  mounting 
the  crests  of  Sgurr  Bto  and  Mullach  Coire  Mliic  Fearchair, 
they  trend  southwards  to  the  moorland  east  of  Lochan  Fada. 
At  that  point  the  outcrops  of  the  various  zones  are  shifted  south- 
westwards  for  about  a  mile  and  a  half  by  the  Fasagh  fault. 
Beyond  that  lake  to  the  Kinlochewe  River  they  form  a  con- 
spicuous crag  beneath  a  broad  mass  of  displaced  Lewisian  gneiss. 

South  of  Loch  Maree  to  Loch  Kishorn  the  area  occupied  by 
unthrust  members  of  this  system  is  limited,  as  they  are  mostly 
afEected  by  the  post-Cambrian  movements.  But  the  quartzites 
are  traceable  continuously  from  the  shore  of  Loch  Maree  through 
the  Kinlochewe  Forest  to  the  magnificent  escarpments  on 
Ruadh-stac  Mor,  one  of  the  western  spurs  of  Beinn  Eighe. 
Here  also  they  rest  unconformably  on  the  Torridon  Sandstone, 
though  the  discordance  is  not  so  apparent  as  in  the  Dundonnell 
Forest.  In  Glen  Kishorn,  the  series  up  to  the  serpidite  grit  is 
seen  in  natural  order  between  Rassal  and  Glaschnoc,  but 
further  north  in  the  Achnashellach  Forest  the  pipe-rock  and 
basal  quartzite  soon  participate  in  the  movements. 

The  former  extension  westwards  of  the  Cambrian  strata  is  here 
indicated  by  conspicuous  outliers  of  the  arenaceous  series    at 

*  By  B.  N.  Peach  and  J.  Home,  with  notes  by  L.  W.  Hinxman  and 
E.  Greenly.  The  district  described  in  this  chapter  is  contained  in  Sheets 
81,  82,  92,  Geographical  Survey  Map  of  Scotland,  on  the  scale  of  1  inch 
to  a  mile  G^i^s). 


r 
I 


412  Cambruni  .SrtTCS. 

some  distance  from  the  outcrop  of  (bp  main  belt.  For  example, 
on  Beinn  a'  Chlaidheimh  (2750  feet),  sowtti  of  Strath  ua 
Sheallag,  on  Liatboch  (345C  feet),  at  the  bead  of  Loch  Torridon, 
and  on  Beinn  Dampfa  (2^158  feet),  there  are  small  patches  of 
baeal  quart/.ite,  and  also,  in  the  two  latter  instances,  a  portion 
of  the  lowest  zone  of  the  pipe-rock. 

In  this  belt  one  exception  has  been  found  to  the  apparent 
absence  of  organic  life  in  the  lower  division  of  the  quartzites, 
for,  on  the  crest  of  the  ridge  between  Sg&rr  BiW  and  Beinn  a' 
Chlaidheimh,  on  the  we^t  side  of  Loch  an  Nid  valley,  vertical 
worm-casts  were  detected  in  -a  band  of  quartzite  belonging  to 
this  sub-division.  Another  slight  departure  from  the  normal 
type  of  sedimentation  of  the  mlae-beaded  grits  occurs  in  the 
I'teiuu  Eighe  Forest,  south  of  Kinlochewe.  where  a  zone  of  grey 
shale,  thirteen  feet  in  thickness,  occurs  near  the  base  of  this  sub- 
group. The  overlying  zone  of  pipe-rock,  from  250  to  300  feet 
thick,  displays  in  the  Dundonnell  Forest  the  five  sub-s^oues  met 
with  ill  the  Assj-ut  district,  and  ihey  have  been  traced  south- 
wards through  the  mountainous  region  south  of  Loch  Maree  to 
Kishoru. 

The  feature  of  special  importance  in  the  belt  of  undisturbed 
Cambrian  strata  between  Strath  na  She.allng  and  Kishom  is  thd 
exposures  of  fucoid-b«ls  and  serpulite  grit,  which  have  yielded 
an  assemblage  of  organic  remain.-!  characteristic  of  the  lower 
division  of  that  system.  A  glance  at  the  geological  map  accom- 
panying this  Memoir  will  show  that  the  fucoid-heds  form  a 
more  or  less  continuous  nuforop  through  the  Dundonnell  Forest 
to  Loch  Maree.  The  locality,  where  the  trilobite-bearing  bands 
in  this  zone  were  first  observed,  and  where  portions  of  OUaeUus 
were  first  found  by  A,  Macconochie,  occurs  in  Allt  Righ  Iain — 
a  small  stream  on  the  eastern  side  of  Loch  an  Nid  valley,  and 
about  three  miles  E.S.E.  of  Loch  na  Sheallag.  At  the  point 
where  the  burn  is  crossed  by  the  hill-road  between  Dundonnell 
and  Achneigie,  the  upper  portion  of  the  fucoid-beda  is  exposed, 
containing  two  prominent  bands  of  dark-blue  shale,  intercalated 
in  the  normal  dolomitic  beds  of  the  zone.  The  upper  band  lies 
about  three  feet  and  the  lower  one  about  nine  feet  from  the  top 
of  the  fucoid-beda.  The  fragments  of  Olenellus  were  found  in 
the  lower  band,  the  best  apecimens  being  confined  to  a  seam  less 
than  an  inch  thick.  Some  of  these  dark-blue  shales  are  slightly 
calcareous,  and  are  traversed  by  small  worm-casts.  It  is 
highly  probable  that  they  are  on  the  same  horizon  as  the  blue 
"  piped  "  shales  at  the  top  of  the  section  near  Meall  a'  Ghubhais, 
to  which  attention  will  be  immediately  directed.  It  ia  note- 
worthy,  however,  that  the  soft  shale  so  highly  fossiliferous  south 
of  Locn  Maree  has  not  been  detected  in  Allt  Righ  Iain." 

The  upper  limit  of  the  fucoid-beds  in  this  section  is  well 
defined,  the  base  of  the  Salterella  (serpulite)  grit  forming  a 
small  cascade  over  which  the  stream  leaps  on  to  the  softer  beds 

*  "The  OhtMtu  Zone  in  tho  North-West  Highlands  of  Scotlftnd."  By 
B.  N.  Peach  and  J.  Home.     Quart.  Jour.  Qeol.  Soc,  vol.  xlviij.,  p.  227. 
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below.  The  higher  portion  is  charged  with  SaUereUa  in  fine 
preservation. 

Immediately  to  the  north  of  Allt  Righ  Iain,  several  interesting 
stream-sections  present  excellent  exposures  of  the  OleneUus 
shales  with  the  characteristic  organisms.  One  of  these  streams 
(unnamed  on  the  six- inch  map)  rises  on  the  moory  watershed 
between  Allt  Coire  Chaorachain  (draining  into  Strath  Beg)  and 
Strath  na  Sheallag.  About  a  mile  to  the  north  of  Allt  Bigh 
Iain  it  is  crossed  by  the  hill-road  leading  to  Dundonnell,  whence 
it  flows  southward  for  two- thirds  of  a  mile,  until  joined  by  a 
small  tributaiy  (Allt  a  Chip).  Here  the  main  stream  is  deflected 
to  the  south-west,  joining  the  Loch  an  Nid  River  near  the  mouth 
of  Allt  Righ  Iain.  In  the  sides  of  a  small  gorge  in  Allt  a  Chip 
an  excellent  section  may  be  seen  of  the  fucoid-beds  with  the  two 
bands  of  dark-blue  shale  near  the  top  of  the  zone,  separated  by 
the  normal  dolomitic  layers,  the  thickness  of  the  upper  zone 
being  three  feet  and  of  the  lower  19  inches.  A  layer  of  rusty 
dolomite,  about  a  foot  thick,  overlying  the  lower  band  of  dark- 
blue  shale,  was  found  to  be  crowded  with  excellent  specimens  of 
Hyolithes  sp. 

Again,  in  the  main  stream  of  which  Allt  a  Chip  is  an 
affluent,  both  of  the  layers  of  dark-blue  shale  near  the  top  of  the 
zone  are  visible,  the  upper  one  cropping  out  at  the  base  of  a  small 
waterfall  formed  by  the  overlying  Salterella-grit,  the  latter 
being  succeeded  by  black  shaly  limestone  and  dark  mottled 
dolomite  with  seams  charged  with  Salterella,  These  beds, 
which  form  the  ba.se  of  the  Durness  calcareous  series,  are 
abruptly  truncated  by  a  thrust  to  be  referred  to  in  the  sequel. 
It  is  important  to  note  that,  in  this  last  section,  the  brown  dolo- 
mitic bands  associated  with  the  Olenelliis  shales  contain  serpulites 
(Salterella). 

Further  south,  near  Loch  an  Nid,  fragments  of  trilobites  were 
found  in  thin  shales  intercalated  in  the  Salterella-grit.  About 
450  yards  to  the  north  of  that  lake,  the  following  vertical  section 
is  exposed  in  an  escarpment  cut  by  a  streamlet  on  the  east  side  of 
the  valley,  beneath  a  mass  of  disrupted  Lewisian  gneiss:  — 


Zone  of 

Salterella 

Grit. 


'Grey  quartzose  giit, 
Flaggy  grits,  with  intercalated  shales, 

Grey  shales, 

Dark  blue  shales  containing  Olenellus, 

Grey  grit, 

Dark  grey  shales,      -         .         .         . 
Grey  quartzite,-         -         .         .         . 
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Top  of        (  Brown  dolomitic  shales  with  bands  of  dark  1      5      o 
Fucoid  Beds.  \         shales, |     o      o 

The  dark-blue  shales  intercalated  in  the  grits  and  quartzites 
have  yielded  a  carapace  of  Olenelliis  Lapworthi  and  other  frag- 
ments of  this  form.  These  shales  are  underlain  by  grey  grits 
and  quartzites  forming  the  lower  portion  of  the  zone  of  the 
serpulite    (SaUereUa)  grit.      When  traced  southwards  along  the 
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liill-slope,  the  upper  and  lower  ledger  of  quartzose  gril  coalesce 
and  foiTQ  a  prominent  cscarpmeni  overlying  the  fueoid-beds. 
At  certain  localities  along  the  base  of  the  Loch  an  Nid  crag, 
beneath  the  disrupted  Lewisian  gnoisa  and  Torridon  Sandstone, 
the  undisturbed  serpulite  grit  js  overlain  by  the  basal  member 
of  the  Durness  dolomite  charged  with  Sallerell". 

By  far  the  finest  section  of  the  trilobite-bearing  bands  of  the 
fiicoid-beds  occurs  immediately  to  the  south  of  Loch  Maree, 
about  a  mile  from  the  shore  of  that  lake.'  On  the  northern 
slopes  of  Meail  a'  Ghiibhais  (2882  feet) — a  conspicuous  hill 
(three  miles  "W.N.W.  of  Kinlochewe)  formed  of  an  outlying 
mass  of  di»)placed  Torridon  Sandstone — a  streamlet  rises  near 
Loch  na  Mna'  Bige  in  the  thrust  materials,  and  exposes  the 
nnderlying  undisturbed  Cambrian  strata  from  the  aerpulite  grit 
it  the  basal  quartKite.  The  fucoid-beds  are  seen  on  tlie  west 
bank  at  the  point  where  the  1250-feet  contour-line  crosses  tbe 
burn,  and  where  their  outcrop  is  shifted  by  a  small  fault  with 
a  downthraw  to  the  south-east.  Though  not  far  beneath  the 
plane  of  the  Kinlochewe  thrust,  the  beds  are  not  deformed  nor 
are  the  fossils  distorted.  The  various  lossillferous  sub-di visions, 
which  have  been  carefully  worked  by  A.  Macconochie,  are  given 
below  in  descending  order:— 

Sorpulite  grit.  Ft.    In. 

7.  Blue  clayey  and  ssndj'  ahale  full  of  nmall  vertical  vurm- 
casts  yielding  occasjoaal  fragments  of  OUnfllut 
giyai  and  Olendivt  Lapworthi,        -  -  -     18       0 

6,  Shale   with   well-prenerved  brachiop<>d8  (AerolhtiU  nib- 

f!dwi),  -  .  -  -  -  -       0       fl 

6.  Dark  tla^y  or  platy  shale,  with  fr^ments  of  OleneUtu 

abbaae,        -  -  -  -  .  -       2     10 

4.  Ferruginous   yellow    doloniitic   band,    with  conchoidal 

fracture,      -  -  -  ■  -  -      0      7 

3.  Pisolitic  ironstone  with  remains  of  trilobites  and  echino- 

derms,  ■  -  -  -  -  -       0       2 

2.   Hard    ferruginous    doloniitic    band,    the   bottom   film 

crowded  with  carapaces  of  Oleiullua,  -  -      0       3( 

1.  Soft,  jointed,  cleaved  clayey  shale,  llie  topmost  seams 
yield  occasional  coniplete  specimens  of  OUrulha 
and  £ne  examples  of  Olenetloiiles  armattit ;  the 
lowest  two  inches  are  crowded  with  disjointed 
and  broken  segments  of  Oknelliis.  This  band  of 
shale  is  termed  the  OUndlua  layer,  -  -      0    11 

Dolomitic  fucoid-beds  are  seen  in  stream  further  down. 

Aa  the  foregoing  section  illustrates  the  typical  development  of 
the  trilobite-bearing  bands  in  the  fucoid-beds  in  the  North- 
West  Highlands,  it  may  serve  a  useful  purpose  to  indicate  the 
sub-zones  which  are  re])rcscnted  beyond  the  limits  of  the  Loch 
Maree  area.  The  peculiar  soft  cream-coloured  shale,  blue  in 
fresh  fracture,  which,  from  the  abundance  of  the  zonal  form  in 
certain  thin  films,  has  been  termed  the  Olenellvs  layer,  has  been 
noted  in  the  far  north  at  An  t-Sron  on  the  east  shore  of  Loch 

*  "  Additions  to  the  Fauna  of  the  Olenellvs  Zone  of  the  North-West  High- 
lands," by  B.  N.  Peach,  ibid.,  vol.  1.,  p.  661. 
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EireboU,  on  the  north  side  of  Loch  Assynt  near  Skiag  Bridge 
(two  miles  N.N.W.  of  InchnadamiV) ,  on  the  north  shore 
of  Loch  Broom,  and  also  in  Skye,  in  the  Tokavaig 
Bum  south  of  the  Ord.  At  each  of  these  localities 
specimens  of  the  characteristic  zonal  form  have  been  obtained, 
and  at  the  last  of  these  exposures  in  Skye  examples  of 
Olenelloides  armatiis  have  also  been  recorded.  One  noticeable 
feature  is  the  absence  or  the  limited  development  of  the  blue 
**  piped  "  shale  (Sub-zone  7  in  the  Meall  a'  Ghubhais  sequence) 
in  the  various  sections  beyond  the  Loch  Maree  area. 

The  peculiar  band  of  pisolitic  ironstone  with  fragments  of 
trilobites  and  echinoderms  has  likewise  a  wide  distribution,  for 
it  has  been  noted  by  the  side  of  the  shepherd's  footpath  on  tne 
south  side  of  Loch  Glencoul,  by  the  Knockan  Cliff  near  the 
southern  border  of  Assynt,  and  again  in  the  Achnashellach  deer 
forest  between  Kinlochewe  and  (ilen  Carron. 

In  all  the  sections  referred  to  above,  the  fragments  of  Olenelltis 
have  been  found  either  in  the  Olenellus  layer  (Sub-zone  1,  Meall 
a'  Ghubhais  section)  or  in  bands  overlying  that  horizon,  but  at 
cne  locality  along  the  line  between  Jilireboll  and  Skye  they  have 
been  noted  below  that  stratigraphical  position.  In  the  Ullapool 
River  a  carapace  of  0.  Lapirodhi  was  obtained  in  a  thin  seam 
of  grey  shale  interleaved  in  flaggy  dolomitic  beds,  presenting  the 
normal  characters  of  the  lower  portion  of  the  zone.  It  is  worthy 
of  note  also  that,  in  most  sections,  the  sandy  dolomites  beneath 
the  OleiieUus  layer  contain  Salter ella  and  Hiioliihcs. 

The  distribution  of  the  Cambrian  strata  in  the  displaced 
masses  between  Strath  na  Sheallag  and  Kishorn  is  extremely 
irregular.  In  the  Dundonnell  Forest  and  southwards  to  the 
Heights  of  Kinlochewe  they  appear  as  thin  lenticles  traceable 
for  no  great  distance.  Beyond  that  locality,  in  the  lower  part  of 
Glen  Bruachaig,  the  folded  and  thrust  zones  of  the  pipe^rock 
and  fucoid-beds,  rising  from  underneath  the  mass  of  Lewisian 
gneiss  that  overlies  the  Kinlochewe  thruvst-plane,  are  well  dis- 
played on  the  west  side  of  the  valley,  and  the  fossiliferous  zones 
are  not  much  deformed.  In  particular,  the  cleaved  fucoid-beds 
visible  in  the  channel  and  on  the  banks  of  that  stream  about  a 
mile  and  a  half  below  the  Heights  of  Kinlochewe  contain  the 
pisolitic  ironstone  band  and  the  soft  shale  beneath,  from  which 
carapaces  of  0.  Lajnrorihi  and  JLyolithes  have  been  obtained. 
Again,  among  the  materials  above  the  Kinlochewe  thrust-plane, 
striking  evidence  has  survived  of  the  double  uneonformability  of 
the  basal  quartzite  on  the  Torridou  Sandstone  and  Lewisian 
gneiss. 

South  of  the  Kinlochewe  River,  on  Beinn  Eighe,  the  Cambrian 
strata,  repeated  by  numerous  folds  and  thrusts,  cover  a  belt  of 
ground  about  three  miles  broad  (Part  IV.,  Chapter  XXXVII.). 
Beyond  that  locality,  from  the  head  of  Glen  Torridon  southwards 
by  Beinn  Liath  Mhor  towards  An  Ruadh-stac,  they  appear  as 
long  parallel  strips  amid  intervening  belts  of  Torridon  Sand- 
stone, which  furnish  impressive  testimony  of  the  extensive  fold- 


Uong  the  eastern  margin  of  tlic  CduHii  aud  Adma^hellacb 
deer  foi-eats,  from  Loch  Clair  to  Achnashellach  Station,  thence 
hy  the  hill-slopes  on  the  west  side  of  Glen  Carron  to  Gleu  Kis- 
hom,     the     tjuartzitea,     fucoid-beds,     and     serpulite-grit     can 
be  traced  more  or  lews  continuously  to  the  west  of  the  outcrop  of 
the    Einlochewe    and    Eishom    thrust-plane.       In    Allt    nan 
Dearcaig,  abont  a  mile  and  a  half  to  the  north  of  Achnashellach 
Station,  tlie  band  of  pisolitic  ironstone  is  well  seen  in  the  ex- 
poaure  of  fucoid-beds.     Towards  the  southern  part  of  this  beltv,^ 
in  Glen  Kishorn  and  along  the  north-west  slope  of  Sgorr  ^-Ic 
Oharaidh,  there  is  a  orominent  development  of  the  two  linmit  T 
Kines  of  the  Durness  dolomites  and  limestones. 


Cambrian 
aestone  a; 
dolomite. 


CHAPTER  XXVIIl. 

CAMBRIAN  ROCKS  IN  THE  ISLAND  OF  SKTE.* 

The  Cambrian  rocks  of  Skye  are  confined  to  the  neighbourhood 
of  Ord  and  the  district  between  Broadford  Bay  and  Loch  Slapin. 
The  total  area  occupied  by  them  is  less  than  ten  square  miles. 
I^he  different  divisions  here  represented  are  as  follows:  — 

^Ben    Suardal    limestone.      Probably    homotaxial 
with  the   Balnakiel  or  Groisaphuill  zone  of 
Sutherland. 
i.       .  I  y  Strath  Suardal  and  Beinn  an  Dubliaich  limestone, 

limestone  and<^  gangomore  Umestone  (?). 
dolomite.         SaUmhor  limestone. 

Eilean  Dubh    ,, 
^Ghrudaidh       ,, 
Serpulite  grit. 

**  Fucoid    shales,  including  thin  bands  of  limestone. 
Ouartzite  /  ^PP®''  quartsdte  or  pipe-rock,  divisible  into  many  zones. 
^  •  I  Lower  or  false-bedded  quartzite. 

All  the  exposures  of  these  rocks  have  probably  been  driven 
forward  by  the  great  post-Cambrian  thrusts,  but  in  some  cases 
such  displacement  cannot  be  proved,  though  the  strata  have 
been  sharply  folded.  One  instance  of  a  possibly  unthrust  condi- 
tion extends  from  Coill'  a  Ghasgain  to  Loch  Eishort,  and  includes 
the  quartzite,  the  fucoid  shales,  the  serpulite  grit,  and  part  of 
the  Ghrudaidh  limestone. 

Quartzite. — Near  Ord  the  quartzite  forms  little  hills,  about 
900  feet  high,  the  whiteness  of  which  contrasts  strongly  with  the 
brown  or  red  tints  of  the  adjacent  Torridonian  rocks.  The  largest 
mass,  which  includes  both  Sgiath-bheinn  an  Uird  and  Sgiath- 
bheinn  Chrossavaig,  is  a  little  more  than  three  miles  in  length 
from  N.N.E.  to  S.S.W.  It  is  divided  by  thrusts  into  different 
portions,  all  of  which  belong  to  a  single  inlier  which  has  once 
been  covered  by  rocks  brought  forward  on  a  more  important 
thrust-plane.  This  plane  has  been  folded  into  an  anticline,  and 
the  rocks  below  certain  parts  of  it  have  been  exposed  by  denudation. 

West  of  this  inlier  another  band  of  quartzite  runs  from  Sgiath- 
bheinn  Tokavaig  to  the  coast  of  Loch  Eishort,  and  then  forms  a 
chain  of  islands  across  the  loch,  on  the  northern  side  of  which  it 
emerges,  but  is  soon  concealed  under  Mesozoic  rocks.  This 
band  likewise  forms  part  of  an  inlier  which  has  once  been 
covered  by  rocks  thrust  over  it,  and  the  overlying  thrust-plane 
has  also  been  folded  into  an  anticline.  The  sedimentary  rocks 
seen  above  the  thrust-plane  are  all  Torridonian,  except  at  the 

*  By  C.  T.  Clough.     A  few  paragraphs  have  been  supplied  by  A.  Harker. 
The  district  described  in  this  chapter  is  included  in  Sheet  71  of  the  Geo- 
logical Survey  Map  of  Scotland,  on  the  scale  of  1  inch  to  a  mile  (^imr)* 
C2 
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coast  near  Ord,  where  various  small  exposures  of  the  lower 
miaji^zite  and  other  Oambriau  rocks  appear  above  that  plaue. 
The  quartzite  is  seen  every  here  and  there  on  the  foreshore 
W.S.W.  of  Ord  as  far  as  the  north  side  of  Ob  Gauscavaig,  while 
oo  Kilean  Ruairidh  n  couaiderable  exposure  shows  the  junction 
of  the  lower  aud  upper  quartzite. 

Between  Loch  Lishort  and  Loch  Siapin  an  area  of  quartzite. 
about  fiOO  yarda  long  and  100  yards  broad  at  ita  greatest  width, 
rests  on  Torridou  Sandstone,  aud  the  two  rocks  are  cut  off  on  the 
north  side  by  a  normal  fault  that  brings  up  the  Cambrian  lime- 
atone.  On  the  south  side  they  are  unconformably  overlain  by 
the  conglomerate  at  the  base  of  the  Mesozoic  rocks. 

Another  patch  of  quartzite  occurs  in  AUt  Beinn  Deirge. 
south-east  of  Beinn  na  Caillich,  just  above  the  shaq)  bend  of 
the  stream  where  it  emerges  on  the  open  strath.  Torridon 
Sandstone,  doubtless  an  ontliei-  above  the  Ben  Snardal  thmgt,  is 
exposed  in  the  stream  for  about  100  yards,  and  is  accompanied  for 
perhaps  20  yards  by  basal  quartzite,  which  ia  conglomeratic,  and 
must  represent  the  base  resting  on  the  Torridonian  rocka. 

At  the  bottom  of  the  lower  quartzite  the  pebble  bed  or  con- 
glomerate is  generally  to  he  seen,  never  more  than  five  or  eix 
feet  thick,  and  sometimes  only  a  few  inches.  Ita  pebbles  are 
here  chiefly  of  quartz.  In  one  section  on  the  east  side  of  Sgiatb- 
bheinn  Chroasavaig  (two  miles  north-east  of  Tarskavaig), 
where  it  is  about  five  feet  thick,  its  pebbles  are  as  large  as  beans 
and  walnuts,  but  in  other  sections  near  this  the  conglomerate  is 
much  less  coarse.  The  tbinknp^s  of  the  lower  or  fal.ae-bedded 
quartzite  may  be  about  330  feet. 

The  upper  quartzite  or  pipe-rock  contains  "  pipes "  in  all  the 
beds,  and  its  sub-divisiona  found  in  Sutherland  hold  good  in 
Skye.  It  is  seen  in  ita  leaat-diaturbed  condition  on  the  coast  at 
Rudha  Duhh  Ard  (Loch  Eishort),  where  the  following  zones  may 
be  made  out :  — 

6.  Top  rock  of  a  white  or  reddish-grey  colour.  Often  rather  ooarse- 
^ined  and  friable.  Occasional  pipes  with  mouths  three  inches 
m  diameter.     20  feet. 

5.  Altemftting  massive  and  thinner  bands.  The  ^reneral  colour  is  Indian 
red,  but  the  pipes  themselves  are  white.     20  or  30  feet. 

4.  Trumpet  pipe-rock.  White  or  dirty-white  in  colour;  usually  maaBive 
near  the  top.  The  mouths  of  the  pipes  vary  much  in  diameter, 
some  being  less  than  a  quarter  of  an  inch  wide,  while  othera  are 
as  much  as  throe  inches.  In  the  hkr^er  examples  the  mouths  are 
oval,  and  the  diameters  decrease  rapidly  downwards.  The  bidding 
surfaces  are  often  rippled,  and  the  rock  is  false-bedded.  About 
66  feet. 

3.  Massive  pink  pipe-rock.  Many  of  the  quartz-grains  are  red  at  the 
outsidea.  In  the  bottom  beds,  about  10  feet  thick,  the  mouths  of 
many  of  the  pipes  are  only  j'l-inch  in  diameter.     About  66  feet. 

2.  Massive  white  pipe-TOck.  Pipes  average  a  quarter  of  an  inch  in  dia- 
meter, and  are  often  closely  crowded.      About  36  feet. 

1.  Small  pipe-rock.  Pipes  not  usually  more  than  J-inch  in  diameter, 
generally  of  a  purer  white  colour  than  the  rest  of  the  rock.  Ripple 
marks  common,  and  the  rippled  surfaces  may  for  several  square 
yards  show  no  pipes.     60  or  60  feet. 
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The  total  thickness  of  the  upper  quartzite  may  be  estimated 
to  be  about  270  feet. 

In  Ord  River,  nearly  a  quarter  of  a  mile  south-west  of  Team- 
puill  Chaon,  the  line  between  the  quartzite  and  the  fucoid-beds 
is  not  sharply  defined.  At  the  top  of  the  quartzite  a  soft 
reddish-brown  grit  contains  small  dark-green  grains  of  glau- 
conite  (?).  In  specimen  No.  7356,  induration  is  seen  to. have 
been  effected  by  secondary  enlargement  of  the  quartz  grains, 
which  had  been  coated  with  ferric  oxide  before  the  enlargement 
took  place.  The  layer  of  ferric  oxide  is  not  usually  continuous 
round  the  entire  outline  of  a  grain,  but  may  include  many 
grains.  The  areas  enclosed  by  it  are  much  too  complicated  in 
form  to  represent  pebbles  of  a  composite  rock.  The  floor  on 
which  the  quartzite  was  deposited  presents  a  smooth  surface  of 
Torridonian  (Applecross)  rocks.  The  difference  between  the 
dip  of  the  two  formations  in  Skye  is  not  striking,  and  in  most 
sections  is  hardly  noticeable. 

No  cleavage  has  been  observed  in  any  part  of  the  quartzite  of 
Skye,  nor  any  noticeable  drag  of  the  pipes  out  of  their  original 
vertical  position.  But  near  some  of  the  thrusts,  particularly  in 
the  south-eastern  part  of  the  quartzite  between  Ord  River  and 
Loch  Eishort,  over  extensive  areas  the  chief  planes  are  joints  and 
faces  of  fine  crush. 

Fucoid'heds. — On  the  west  side  of  Sgiath-bheinn  an  Uird  this 
sub-division  comes  in  conformably  over  the  quartzite,  and  can 
be  traced  in  a  north-north-easterly  direction  to  Loch  Eishort  and 
south-westwards  to  within  a  mile  of  the  Ord  River.  For  some 
distance  on  either  side  of  this  river  the  outcrop  is  cut  out  by  a 
thrust,  but  the  band  reappears  again  on  the  west  side  of  Sgiath- 
bheinn  Chrossavaig,  and  continues  for  nearly  three-quarters  of 
a  mile  further  south.  A  little  west  of  each  of  these  outcrops  the 
beds  are  repeated  by  minor  thrusts.  West  of  the  quartzite  of 
Sgiath-bheinn  Tokavaig  (two  miles  north-east  of  Tarskavaig) 
and  Rudha  Dubh  Ard,  the  fucoid-beds  again  occur  in  conform- 
able sequence  above  the  quartzite,  but  for  some  distance  south 
of  the  Rudha  they  are  considerably  disturbed.  In,  and  for  a 
little  distance  south  of,  Ord  Bay  various  exposures  of  this  sub- 
division may  be  seen  on  the  west  side  of  the  Cambrian  limestone. 
Thej^  lie  between  two  thrust  lines,  which  appear  to  unite  as  they 
go  south.  The  fucoid-beds  display  their  usual  tendency  to  form 
smooth  grassy  ground.  Between  Sgiath-bheinn  Tokavaig  and 
Cnoc  an  tlairidh  they  have  given  rise  to  a  conspicuous  hollow 
between  the  harder  outcrops  of  quartzite  and  serpulite-grit. 

A  quarter  of  a  mile  S.S.W.  of  Rudha  Dubh  Ard  the  quartzite 
is  immediately  followed  by  brown- weathering  sandy  shales, 
about  30  feet  thick,  mixed  with  thin  yellow  calcareous  flags,  and 
covered  by  greenish-grey  or  bluish-purple  shales  and  thin  brown 
sandy  bands.  There  is  no  black  shale.  This  upper  division 
seems  to  be  as  much  as  50  feet  thick,  but  perhaps  some  parts  of  it 
are  repeated  by  obscure  thrusts.  On  the  north  side  of  Ord 
River  the  total  thickness  of  all  the  fucoid-beds  does  not  seem 
more  than  60  feet. 
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In  many  places  the  lower  part  of  these  beds  includea  oue  or 
two  bands  of  limestone,  which  weathers  with  a  deep-brown 
colour,  but  is  pale-puik  when  fresh.  A  specimen  taken  from 
one  of  these  bauds  half  a  mile  south-west  of  Sgiatli-bheinn  an 
Uird  has  a  specific  gravity  of  2.82.  Between  two-tbii^ds  and 
three-quart  era  of  a  mile  south  of  Teampuiil  Chaoo  (about  two 
and  a  half  milea  north-east,  of  Tarskavaig)  a.  limestone  appears 
with  a  thickness  of  about  sis  feet,  and  lyin^  12  or  15  feet  above 
the  top  of  the  quartzite.  In  a  burn  a  little  further  south-east 
only  eight  or  nine  inches  of  limestone  are  observable,  overlain 
by  brown  sandy  shales  mixed  with  calcareous  gritty  band^. 
In  Ord  Hiver,  about  a  tjuarter  of  a  mtle  above  the  foot,  two 
limestone  crop  out,  one  of  which  is  ten  feet  thick. 

Fucoid-like  markings  are  well  seen  on  the  hillside  a  little 
more  than  half  a  mile  south-east  of  Sgeir  Gormul  (Loch  Eishort). 
by  the  roadside  250  yards  S.S.W.  from  the  bridge  at  the  foot  of 
Ord  River,  and  also  in  the  bum  three-quartera  of  a  mile  south  of 
tliis  foot.  A,  Macconochie  has  proved  the  presence  of  the 
OUiielhtB  fauna  in  the  fncoid-beds  near  Ord,  and  in  the  bum 
about  three-quarters  of  a  mile  south  of  the  mouth  of  Ord  Rive^'. 
In  the  shale  exposed  at  low  water  in  the  bay  a  quarter  of  a  mile 
S.S.W.  of  Ruhda  Dubh  Ard  he  failed  to  find  the  OLenelltts  layer, 
but  from  a  thin  hard  ferruginous  band  he  collected  a  fragment 
of  a  trilobite  and  specimens  of  Uyolithes.  No  cleavage  has  been 
detected  in  any  of  the  fucoid-bede  of  Skye. 

Serpulite  (SatisrelUi)  Q-rit. — The  largest  outcrop  of  this  sub- 
division comes  conformably  above  the  fucoid-beds  and 
quartzite  of  Sgiath-bheinn  ToKavaig  and  Cnoc  an  Uairidh  (one- 
third  of  a  mile  east  of  Ord).  Another  exposure,  on  top  of  the 
fucoid-beds,  extends  from  the  sea  coast  1000  yards  E.S.E.  of 
Sgeir  Gormul  to  a  third  of  a  mile  south-west  of  Sgiath-bheinn  an 
Uird.  A  little  west  of  this  outcrop  others  make  their  appear- 
ance owing  to  repetition  by  minor  folds.  In,  and  a  little  south 
of,  Ord  Bay  an  obscure  thrust  patch  of  fucoid-beds  and  ser- 
poiite-grit  lies  between  the  limestone  and  the  lower  quartzite. 

The  eerpulite-grit  is  of  much  the  same  character  in  Skye  as 
in  Sutherland,  except  that  serpulite-re mains  seem  here  to  be 
rarer,  distinct  remains  of  these  organisms  having  only  been 
detected  in  one  place — an  exposure  near  the  middle  of  Ord  Bay. 
About  700  yards  slightly  west  of  south  of  Rudha  Subb  Ard  the 
grit  contains  marks  resembling  the  mouths  of  large  pipes.  A 
quarter  of  a  mile  E.N.E.  of  the  mouth  of  Ord  River  the  thick- 
ness  of  the  serpulite-grit  is  about  50  feet. 

The  Calcareous  Smee. — The  limestone  occurs  in  Skye  near 
Ord  and  near  Brf>adford.  Dr.  Macculloch,  in  1815,  after  an 
investigation  which  he  states  "  was  attended  with  more  labour 
and  doubt  than  that  of  all  the  other  rocks  of  Sky,"  finally 
decided  that  it  was  an  altered  form  of  the  Secondary  limestone*, 
in  the  neighbourhood  of  which  it  is  frequently  seen ;  but  for 
years  afterwards  a  keen  controversy  raged  regarding  its  true 
*  "  A  Sketch  of  the  Mineralogy  of  Skye,"  Traw.  0<ol.  Sif.,  vol.  iii.,  p.  1. 
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character,  and  it  was  not  until  1888  that  Sir  A.  Geikie  finally 
proved  its  Palaeozoic  age  by  finding  fossils  in  it.*  The  out- 
crops of  this  part  of  the  Cambrian  formations  near  Ord 
do  not  cover  so  much  as  a  square  mile,  but  show  three  or  four 
of  the  lower  divisions  info  which  the  calcareous  series  is 
divided.  The  chief  outcrop  extends  from  the  islands  on  the 
west  side  of  Rudha  Dubh  Ard  in  a  southerly  direction  past  Ord, 
Its  length,  including  the  islands,  is  rather  less  than  two  miles, 
and  its  average  breadth  a  quarter  of  a  mile.  The  western 
boundary  is  formed  by  the  western  limb  of  a  folded  thrust-plane, 
along  which  both  the  Torridonian  and  the  Cambrian  rocks  have 
been  driven  over  the  limestone.  In  most  places  on  the  east  and 
south-east  sides  the  outcrop  comes  conformably  above  that  of 
the  serpulite-grit.  The  rock-mass  now  referred  to  has  itself 
been  thrust  over  another  rock-mass,  in  which  other  outcrops  of 
the  limestone  appear  on  the  north  side  of  Ord  River,  consider- 
ably disturbed  with  folds  and  thrusts. 

The  limestone  in  the  Broadford  district  occupies  an  area  of 
perhaps  five  or  six  square  miles,  and  extends  in  an  irregular 
curve  from  Torran,  near  the  head  of  Loch  Slapin,  through 
Strath  Suardal  and  Ben  Suardal  and  Coire-chat-achan  to  the 
Sound  of  Scalpay.  Between  Loch  Slapin  and  Ben  Suardal 
there  comes  up  in  the  middle  of  the  limestone,  and  occupying 
approximately  the  centre  of  an  anticline  in  it,  the  great  intru- 
sive mass  of  granophyre  which  forms  Beinn  an  Dubhaich.  The 
area  between  Beinn  Caillich  and  Camas  na  Sgianadin  is  also 
riddled  with  intrusions,  partly  of  granophyre  and  partly  of 
gabbro. 

On  the  north  side  of  Ben  Suardal  the  boundary  of  the  lime- 
stone is  a  thrust-plane  on  which  the  Applecross  grits  of  the 
Torridonian  series  have  been  pushed  over  the  limestone. 
This  major  thrust  has  been  folded  into  an  anticline,  with  axial 
plane  striking  N.N.E.  Whether  the  whole  of  the  limestone  is 
lying  on  another  lower  major  thrust  is  not  certain,  but  there  are 
undoubtedly  minor  thrusts,  and  also  sharp  isoclinal  folds,  within 
the  limestone. 

The  limestone  is  exposed  in  coast-sections  at  the  west  end  of 
the  Broadford  district  around  Torran.  In  Strath  Suardal  a 
considerable  extent  of  low  ground  is  covered  by  dreary  peat 
mosses  and  alluvium.  Macculloch  t  noted  this  barren,  unculti- 
vated tract  as  being  singularly  unlike  the  type  of  country 
usually  seen  in  limestone  areas. 

The  limestones  of  the  Broadford  district  have  been  more 
sharply  folded  and  more  deformed  than  those  of  Ord.  Two 
hundred  yards  east  of  Ben  Suardal  a  dark  granular  limestone  is 
isoclinally  folded  sAong  axial  planes  that  sometimes  dip  E.S.E. 
at  23^,  and  the  under-limbs  are  the  most  thinned.  On  the  hill- 
side 350  yards  south-east  of  Ben  Suardal,  and  in  other  places,  a 

*  **0n  the  Altered  Limestones  of  Strath,  Skye,"  Quart.  Jour,  Geol,  iSbc., 
vol.  xliv.,  p.  62. 
t  '*  Western  Isles  of  Scotland,"  vol.  i.,  pp.  287-288. 
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close  bli-aiii-sHp  cli^ivage  dips  steeply  soath-east.  On  tlie  uorth- 
west  «i(le  of  Lot'li  LoLachan,  700  yards  S.y.W.  of  the  outlet, 
the  small  black  chert  lumps  in  the  limestone  have  been  dragged 
out  into  trains  of  granules  at  right  angles  lo  the  strike,  and  some 
of  the  fossils  (Muclnrea)  have  been  elongated  in  the  same  direc- 
tion. A  third  of  a  mile  north  of  Ben  Suardal  the  worm-casts  in 
the  limeatoue  are  elongated  in  a  W.N.AV,  direction. 

In  the  Ord  district  no  cleavage  has  been  observed  in 
any  part  of  the  limestone,  but  in  many  places  the  rock 
is  crossed  by  thin  strings  of  calcite  without  any  general 
direction ;  such  strings  are  particularly  abundant  near 
the  foot  of  Ord  River.  The  sub-division  representing 
the  Ghrudaidh  limestone  of  Sutherland  Spreads  over  a 
large  space  on  the  hillside  half  a  mile  north-cast  of  Sgeir 
Gormul  (Loch  Eishort).  Better  sections,  however,  occur  ou 
the  hillside  north-east  of  Ord,  and  in  the  burn  about  1500  yards 
slightly  west  of  south  of  Ord.  A  calcareous  grit,  a  few  inches 
thick,  sometimes  comes  between  the  serpu  lite -grit  and  the 
limestone.  The  bottom  bed  of  limestone — in  places  about  2b 
feet  thick — contains  small  grains  of  quai-tz,  like  those  in  the 
grit  below,  and  weathers  with  a  deeper  brown  colour  than  the 
overlying  limestone.  No  distinct  remains  of  serpulites  have 
been  noticed  in  it.  Its  texture  is  coarsely  granular,  and  the 
specific  gravity  of  a  specimen  taken  from  about  350  yards  south- 
east of  Ord  proved  to  be  3.84,  a  figure  which  implies  a  consider- 
able amount  of  dol  omit  is  at  ion.  This  basal  band  is  surmounted 
by  the  main  mass  of  the  sub-division,  which  is  a  granular  leaden- 
coloured  limestone,  with  specific  gravity  ranging  from  2.816  to 
2.83,  and  a  thickness  of  about  65  feet.  Above  it  lies  an  alter- 
nating series  of  granular  and  more  compact  bands,  the  latter 
closely  resembling  the  general  type  of  the  Eilean  Dubh  group 
of  Durness.  Some  of  the  granular  beds  are  uoft  and  crumbly, 
and  oolitic  in  structure.  The  oolitic  grains  are  sometimes  pre- 
served in  chert,  and  project  on  the  weathered  faces  of  the  rock, 
but  the  cherty  bands  are  never  thick,  and  do  not  seem  to  consist 
of  such  pure  chert  as  that  of  the  chert  lumps  in  the  Eilean  Dubh 
limestone.  The  specific  gravities  of  two  specimens  of  the 
oolitic  limestone  were  each  determined  to  be  2.83.  The  line 
between  the  Ohrudaidh  and  the  Eilean  Dubh  divisions  is  not 
sharply  defined,  and  it  may  possibly  have  been  drawn  at  slightly 
difFereut  horizons  at  different  localities.  On  the  hill  350  yards 
south-east  of  Ord  the  total  thickness  of  the  Ghrudaidh  group  as 
here  developed  is  estimated  at  about  115  feet. 

The  representative  of  the  Eilean  Dubh  group  of  Durness 
covers  more  ground  than  any  other  of  the  limestone  divisions 
near  Ord,  ana  is  probably  much  the  thickest.  It  is  laid  bare  in 
coast-sections  north  and  north-east  of  Ord,  while  good  exposures 
may  be  seen  inland  half  a  mile  north-west  and  three-quarters  of 
a  mile  W.S.W.  of  Sgiath-bheinn  an  Uird,  on  the  hillside  south- 
east of  Ord,  and  in  the  wood  three-quarters  of  a  mile  slightly 
west  of  south  of  Ord.     Most  of  the  beds  in  this  group  are  flaggy, 
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of  a  white  or  cream  colour  and  compact  texture,  but  mixed  with 
these  there  are  others  of  leaden  colour  and  coarser  grain.  On 
some  horizons  the  compact  rocks  are  finely  laminated,  as  in  the 
lower  half  of  the  group  on  the  shore  a  third  of  a  mile  N.N.E.  of 
Ord,  and  in  the  upper  half  on  the  shore  about  300  yards  slightly 
east  of  north  of  Ord.  Certain  of  the  laminse  contain  clastic 
grains  of  quartz,  and  some  are  of  a  purplish-red  colour,  perhaps 
due  to  staining.  The  specific  gravities  of  various  cream-coloured 
specimens  were  found  to  vary  between  2.81  and  2.85. 

Lumps  and  bands  of  chert  occur  in  abundance  in  the  lower 
part  of  the  group.  They  are  well  seen  in  the  north  bank  of  Ord 
River,  about  300  yards  above  the  foot.  One  of  the  cherty  beds 
here  is  two  or  three  feet  thick,  but  only  half  of  it  consists  of 
chert,  which  occurs  in  bands  and  nodules  from  half  an  inch  to 
two  inches  thick,  embedded  in  limestone  of  the  common  type. 
The  colour  of  most  of  the  chert  is  pale-grey  or  brown,  but  some 
parts  are  almost  black  and  others  red.  Other  courses  of  chert, 
two  inches  and  three  inches  thick,  occur  just  above  this  bed, 
and  also  below  it  at  intervals  down  to  the  Ohrudaidh  limestone. 
One  of  the  lower  courses  shows  an  oolitic  structure.  Another  is 
brecciated,  though  the  adjacent  limestone  is  not  so.  The 
central  part  of  the  group  is  comparatively  free  from  chert, 
though  in  places — ^for  instance,  in  the  clifE  350  yards  N.N.E.  of 
Ord — some  thick  bands  of  it  may  be  observed.  The  upper 
cherts  appear  in  the  coast  near  Ord,  for  50  or  60  feet  below  the 
line  taken  as  the  top,  and  also  two- thirds  of  a  mile  slightly  east 
of  south  of  Sgeir  Gormul.  The  group  presents  no  sharply- 
defined  upper  limit.  On  the  hillside  near  Ord  its  thickness 
seems  nearly  500  feet,  but  most  of  the  beds  are  so  much  alike 
that  any  repetition  of  them  by  dislocation  could  not  be  readily 
noticed. 

The  representative  of  the  Sailmhor  limestone  occupies 
three  areas — one  on  the  hillside  two-thirds  of  a  mile 
slightly  east  of  south  of  Sgeir  Gormul,  another  on 
Eilean  Dubh,  and  a  third,  of  considerable  size,  east 
and  south  of  Ord  Bay.  The  best  sections  are  those 
on  the  coast  to  the  north-west  of  Ord,  and  a  little  inland 
to  the  S.S.W.  of  that  place.  The  limestone  of  this  group  is 
granular,  and  in  most  parts  of  a  leaden  colour,  but  other  parts 
are  pale  bufE.  Chert  is  abundant  in  it,  and  occurs  in  bands  and 
lenticles,  some  of  which  are  more  than  a  foot  thick.  The  chert 
bands  are  composed  of  laminae  of  different  colours— dull  red, 
brown,  pale  grey,  or  dark  grey,  and  the  laminae  sometimes  show 
an  arrangement  resembling  false-bedding.  One  specimen  of  the 
limestone  gave  a  specific  gravity  of  2.85,  while  another  showed 
2.83.  On  the  supposition  that  no  thrust  repeats  the  strata,  the 
thickness  of  the  Sailmhor  group  in  the  area  east  and  south  of 
Ord  Bay  appears  to  be  about  270  feet. 

An  obscure  exposure,  which  may  possibly  represent  a  portion 
of  the  Sangomore  limestone  of  Sutherlana,  has  been  noted  on 
the  west  side  of  the  Sailmhor  limestone  in  the  wood  700  yards 


424  Camhrian  Scfia.  ^^^^^^^ 

S.S.W.  of  Old.  It  is  of  a  white  colour,  graaulai',  aud  coulains 
bands  of  white  chert  as  much  us  two  or  three  feet  thick.  Two 
specimens  gave  speciiic  gravities  of  2.80  and  2.84  respectively. 

In  certain  areas  of  the  Broadtord  district  the  Cambrian  lime- 
stones admit  of  bedng  divided  into  three  divisions,  which  may 
be  named  as  follows,  after  places  where  they  are  well  seen : — 
Bell  8u&i'd&l  limestones,  QiintAining  iiuuiy  small  black  chortfi,  Hod  somi: 

Stmth  SuArdkl  limeatone,  with  cherts  which  resomble  sponges  in  Hhnpo, 
but  nhiuh  do  not  appure&tl;  show  itny  organic  atriicture. 

Beinn  an  Dubhaich  limestone,  with  ball-like  structuree,  ench  compused 
of  a  number  of  concentric  ringa. 

The  order  iu  wliich  the  divisions  are  here  placed  is  not  meant 
to  imply  that  the  lowest  is  the  oldest,  tut  it  agrees  with  the  order 
of  superposition  which  is  at  present  most  usual,  and  which 
existed  iu  the  Beinn  an  Dubhaich  area  at  the  time  of  the  intru- 
sion of  the  granophyre.  The  middle  division,  the  Strath 
^uardal  limestone,  does  not  appear  in  all  the  localities  where  we 
should  expect  it.  Its  absence  may  possibly  be  explained  in  two 
different  ways.  Either  it  has  been  concealed  by  the  agency  of 
obscure  thi'usts,  which  have  had  the  effect  of  pushing  the  Ben 
Suardal  limestone  over  it,  or  else  it  and  the  Beinn  an  Dubhaich 
limestone  are  merely  one  division  of  limestone,  which  has  been 
altered  in  different  places  to  different  degrees  by  contact  meta- 
morphism.  On  the  latter  supposition,  the  Beinn  an  Dubhaich 
limestone  represents  the  most-altered  portion  of  the  division. 

The  Beinn  an  Dubhaich  limestone  occupies  a  considerable 
area  on  the  north-east,  north-west,  and  south-east  sides  of  the 
Beinn  an  Dubhaich  granophyre,  and  in  the  vicinity  of  Torran. 
It  is  always  in  a  highly  metamorphosed  condition,  and  is 
generally  called  the  k^trath  marble.  It  is  said  to  have  been  used 
for  ornamental  purposes  in  Armadale  Castle,  the  Palace  ol 
Versailles,  and  the  Vatican. 

On  the  east  side  of  the  burn  rather  more  than  a  quarter  of  a 
mile  S.S.W.  of  Suardal,  the  spheroidal  or  oval  forms  in  the  lime- 
stone are  well  seen.  The  cross-sections  show  a  succession  of  con- 
centric rings,  each  of  which  projects  slightly  on  the  weathered 
face  from  tne  intervening  substance,  and  is  of  a  pale  buff  colour. 
Sometimes  ten  or  twelve  rings  can  be  counted  in  the  breadth 
of  an  inch.  In  the  middle  of  many  of  the  forms  the  centre 
projects  on  the  weathered  face,  and  consists  partly  of  an  aggre- 
gate of  malacolite  crystals,  and  partly  of  chert  or  quartz  in  a 
crypto-crystalline  condition.  The  boundary  between  the  Beinn 
an  Dubhaich  and  Strath  Suardal  limestone  is  not  well  defined. 
The  rings  gradually  dim.inish  in  width,  and  show  in  their  centres 
forms  imich,  towards  the  Strath  Suardal  limestone,  are  generally 
larger  and  more  sponge-like. 

In  the  old  quarry  half  a  mile  south-east  of  Cill  Chriosd  (two 
aud  a  half  milee  east  of  Torran),  the  ring  structures  contain  a 
soft  green  serpentinous  substance  in  concentric  lamince  near 
their  centres.     In  the  quarries  three-quarters  of  a  mile  S.S.W. 
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of  Kilchrist  (Gill  Chriosd)  similar  serpentinous  lamime  occur  in 
a  more  prominent  manner,  and  with  the  intervening  carbonate 
layers  tney  give  rise  to  appearances  which  closely  resemble 
Eozoon  Canadeiise.  Messrs.  King  and  Rowney*  have  described 
these  Eozoon-like  structures,  and  they  find  in  them  close 
similarities  to  the  Archaean  examples. 

Many  samples  of  the  Beinn  an  Dubhaich  limestone  have  been 
weighed.  They  give  specific  gravities  varying  from  2.71  to  2.86. 
The  exposures  which  seem  the  most  altered  by  the  granophyre 
usually  give  low  figures,  and  are  not  magnesian.  The  less- 
altered  rocks  must  be  partially  dolomitised. 

The  largest  area  of  tne  Strath  Suardal  limestone  lies  between 
Loch  Cill  Chriosd  (Kilchrist)  and  Coire-chat-achan.  It  is  a  mile 
long  and  two-thirds  of  a  mile  broad  at  its  widest  part,  and  has 
other  smaller  exposures  a  little  way  to  the  north-west  of  it.  The 
limestone,  also,  forms  a  thin  band  north-north-west  and  another 
north  of  Beinn  Suardal,  and  appears  in  these  places  to  be  lying 
over  the  Ben  Suardal  limestone.  It  has  not  been  found  with  its 
normal  characters  anywhere  north-west  of  the  granophyre  of 
Beinn  an  Dubhaich,  nor  in  the  Torran  district. 

Most  of  the  rock  weathers  with  a  dark-grey,  almost  black, 
colour,  is  coarsely  granular,  and  of  a  specific  gravity  varying 
between  2.82  and  2.83.  In  some  places  white  and  compact  beds 
pass  quickly  along  the  strike  into  dark  granular  limestone.  The 
change  is  well  seen  about  1000  yards  slightly  west  of  north  of 
Ben  Suardal,  where  rows  of  sponge-like  forms  can  be  traced 
along  the  strike  from  a  dark  granular  into  a  white  compact 
limestone :  the  specific  gravity  of  a  specimen  of  the  dark  lime- 
stone is  2.84,  while  that  of  the  white  limestone  is  2.64. 

The  sponge-like  forms  project  from  weathered  faces,  and  are 
sometimes  only  attached  to  them  by  very  narrow  connections. 
They  are  irregular  in  shape,  but  sometimes  in  the  form  of  oval 
bodies  connected  by  narrow  constrictions,  and  with  the  long  axes 
parallel  to  the  bedding.  They  sometimes  coalesce  into  bands 
several  feet  long,  but  individual  oval  forms  do  not  exceed  five  or 
six  inches  in  length,  and  most  of  them  are  much  smaller.  The 
outsides  are  usually  covered  with  a  thin  coat  of  dove-coloured 
talc  ( ?) ,  within  which  comes  a  layer,  often  from  a  quarter  to  half 
an  inch  thick,  of  colourless  tremolite  needles  disposed  nearly  at 
right  angles  to  the  adjacent  surfaces.  In  an  exposure  about  1000 
yards  W.S.W.  from  Loch  Lonachan  outlet,  bits  of  saccharoidal 
marble,  or  of  a  serpentinous  substance,  may  be  seen  inside  the 
tremolite  layer.  In  some  places  the  material  of  the  sponge-like 
forms  seems  to  consist  mainly  of  malacolite.  Half  a  mile  north- 
east of  Ben  Suardal  the  centres  of  the  forms  are  of  chert,  and 
some  of  the  chert  is  granulitised  and  traversed  by  little  veins 
of  calcite  and  tremolite. 

Rather  more  than  a  third  of  a  mile  east  of  Ben  Suardal  a  white 

*  **0n  the  so-called  Eozoonal  Rock,"  Quart,  Jour.  Oeol,  5oc.,  vol.  xxii., 
p.  185. 
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limeijtone,  without  either  aponge-like  forms  or  chert-lumps, 
comes  between  tue  mass  oi  the  Strath  Suardal  aud  the  Beu 
Suardal  limestone,  Leiiticlea  and  bauds  of  white  cheit  are  also 
intimately  mixed  in  the  Strath  Suardal  limestone  in  the  area 
between  Loch  C'ill  Chriosd  and  Coire-chat-achan . 

The  Ben  Suardal  limestone  forms  most  of  Ben  Suardal  and  a 
large  area  near  Toiran,  aud  is  well  exposed  on  the  coast  near  the 
latter  place,  as  well  as  in  crugs  north  and  north-east  of  Bon 
Suardal.  It  occupies  a  larger  area  than  either  of  the  other  sub- 
divisions iu  the  Broadford  district,  aud  is  probably  the  thickest, 
but  never  more  than  one  side  is  seen — probably  the  bottom — of  the 
inass.  The  exposures  are  complicated  with  isoclinal  folds  and 
thrusts,  but  the  thickness  of  this  limestone  is  probably  at  lea^t 
200  feet.  The  rock  generally  weathers  with  a  pale-grey  colour, 
but  the  freshly- broken  rock  is  dark-grey.  Excepting  wheu 
much  altered,  the  texture  is  finer  than  that  usual  in  the  Strath 
Suardal  limestone,  and  its  specific  gravity  is  lower,  ranging 
between  2.71  and  2.76,  The  freedom  from  dolomitisation  is  not 
due  to  auy  accident  of  position,  and  the  rock  must  by  nature  be 
less  liable  to  dolomitisatiou  than  are  the  other  sub- divisions. 
Again  and  again,  when  the  Strath  Suardal  and  the  Ben  Suardal 
limestones  come  together,  the  former  is  magnesian  and  the  latter 
is  not. 

Small  lumps  and  courses  of  black  chert,  usually  from  half  an 
inch  to  an  inch  thick,  are  abundant  in  most  of  the  beds,  and 
mixed  with  these  are  worm-cast.s — small  flattened  tubes 
crossing  one  another  in  all  directions  and  weathering  with  a 
pale-grey  or  buff  colour.  Both  cherts  and  castings  project  from 
the  weathered  rock,  but  the  former  more  than  the  latter. 

Certain  bands  in  the  limestone  contain,  besides  various  small 
sponge-like  forms,  an  assemblage  of  other  fossil -remains  which 
closely  resembles  that  found  in  the  Balnakiel  and  Croisaphuill 
limestones  in  Durness".  The  best  localities  for  fossils  are  the 
following: — The  eastern  slope  of  a  bare  hill  nearly  half  a  mile 
N.N.E.  of  Ben  Suardal ;  the  west  side  of  AUt  a'  Mhuilinn,  a  little 
more  than  1000  yards  E.N.E.  of  Ben  Suardal;  the  north-west 
side  of  Loch  Lonachan,  rather  more  than  700  yards  and  half  a 
mile  south-west  of  the  outlet;  and  the  coast  near  Torran,  At 
the  first- mentioned  locality  the  fossils  are  found  not  more  than 
a  few  feet  from  the  Strath  Suardal  limestone.  The  exact 
stratigraphical  positions  of  the  fossiliferous  beds  at  the  other 
places  are  not  certain.  None  of  the  other  ex2>osures  lie  near  the 
Strath  Suardal  limestone. 

About  700  yards  slightly  north  of  west  from  the  outlet  of  Loch 
Lonachan  a  laminated  band  appears,  containing  oolitic  struc- 
tures, some  of  which  are  nearly  as  large  as  peas.  The  s})eci£c 
gravity  of  a  specimen  of  the  band  was  found  to  be  2.82.  The 
position  of  this  rock  is  not  far  above  the  supposed  base  of  the 

•Sir  A.  Oeikie  published  in  1888  (Quart.  Juiir.  Geiil.  Soc.,  vol.  xliv., 
p.  69)  a  list  of  foeoila  which  were  determined  by  Mr.  Qeorge  Shivnuui. 
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limestone.  In  certain  areas  the  limestone  has  been  altered 
into  a  coarse  saccharoidal  marble  containing  needles  of  tremolite 
and  prisms  of  malattolite.  About  600  yards  S.S.W.  from  Ben 
Suardal  the  little  prisms  and  needles,  and  also  the  long  axes  of 
the  calcite  grains,  display  a  general  parallelism,  and  it  may  be 
conjectured  that  the  minerals  formed  by  contact  metamorphism 
have  followed  an  arrangement  of  the  materials  given  at  the  time 
of  the  thrusting  and  folding. 


CHAPTER  XXIX. 

POST-CAMBEIAN  IGNEOUS  ROCKS  OF  OLDER  DATB 
THAN  THE  GREAT  THRTTST-MOVEMENTS  OF  THE 
REGION— THEIR  DISTRIBUTION.* 

L   ASSYNT. 

The  remarkable  development  of  igneous  rocks  associated  witlk' 
the  Torridou  Saudstone  and  Cambrian  strata  in  Assynt,  SuthofK 
laiidshire,  aroused  the  attention  of  Kevcral  cf  the  older  observert,. 
who  recognised  the  intrusive  character  of  some  of  these  ma»ae4 
aad  the  contact  metamorphism  which  they  produced.  In  ISdO 
and  again  in  1860,  Nicol  noted  the  conspicuous  sill  of  greenstoaa 
in  the  cliff  of  limestone  south  of  the  Inn  at  Inchniidamff  and  th«t 
large  intrusion  of  igneous  material,  which  he  termed  felspaiu. 
porphyry,  near  Ix)ch  Borrolao.  He  further  observed  that  the 
Canisp  porphyry  not  only  breaks  through  the  quartxite  over- 
lying the  Torridon  Sandstone,  but  forma  a  mass  more  than  a 
mile  in  diameter  in  the  quartEite  within  a  fevr  hundred  yarda  of 
the  Inn  at  Inchnadamff.  From  these  facta  he  correctly  inferred 
that  the  igneous  intrusions  must  have  been  later  than  either 
the  red  sandstone  (Torridon)  or  the  ouartzite.t 

Confirmatory  observations  were  made  by  Muichison,  who,  in 
1859,  called  attention  to  the  band  of  syenitic  greenstone  inter- 
calated in  the  prey  limestone  about  a  mile  west  from  Inchna- 
damff,  which,  though  apparently  regularly  bedded,  had,  in 
places,  converted  the  overlying  rock  into  a  crystalline  marble. 
The  igneous  rocks  in  the  east  of  Assynt  near  Loch  Borrolan, 
though  termed  porphyries,  were  regarded  by  him  as  syenites, 
that  break  through  the  quartzites  far  above  the  limestones  of 
that  region. t 

Special  attention  was  given  to  the  litholopical  characters  anil 
distribution  of  these  rocks  by  Professor  Heddle,  who  published 
the  results  of  his  researches  in  various  papers  in  the  Mineralogical 
Magazine    from     1881     to    1884. §       He    regarded    the    Canisp 

•  By  B.  N.  Peach  and  J.  Home,  with  notes  supplied  by  W.  Gunn,  C.  T, 
Clough,  and  L.  W.  HinxnMD.  The  district  describud  in  this  chspter  is 
CorapriBed  in  Sheete  101,  102,  107,  and  108  of  the  Geological  Survey  Map  of 
Scotland,  on  the  acnle  of  1  inch  U>  a  fiiile  (sjItd)' 

t  Ouart.  <7<mr.  Oed.  Soc.,  vol.  xiii.,  p.  25,  and  vol.  xvii.,  p.  99. 

1  Qvart.  Jour.  Geol.  Soe.,   vol.  ivi..  pp.  221  and  232. 

IMintralog.  Mag.,  vol.  iv.,  pp.  833,  et  >eq. ;   vol.  v.,  |ip.  136to  144,  144 


Post'Camhrian  Igneous  Rocks  in  Assi/nt.  429 

intrusion  as  one  of  the  most  striking  porphyries  of  Scotland,  and 
noted  the  occurrence  in  it  of  porphyritic  crystals  of  orthoclase 
with  albite  and  augite.  He  referred  to  the  distribution  of  the 
igneous  rocks  in  the  quartzites  and  dolomites  in  the  neighbour- 
hood of  Inchnadamff,  and  indicated  the  varieties  from  the 
Canisp  porphj-ry  to  the  more  basic  types  found  in  the  calcareous 
series,  in  which  hornblende  is  more  abundant.  He  took  excep- 
tion to  the  application  of  the  term  porphyry  to  the  igneous 
intrusion  of  Loch  Borrolan,  as  it  does  not  possess  true  porphyritic 
structure,  but  consists  essentially  of  two  ingredients,  felspar  and 
quartz.  While  indicating  the  localities  of  the  marbles,  he  noted 
the  important  fact  that  they  are  all  more  or  less  contiguous  to 
the  mass  of  red  felspar  rock  on  Cnoc  na  Sroine  or  its  branches, 
and  he  inferred  that  the  marble  is  merely  a  portion  of  the  lime- 
stone series  of  Assynt.  Unfortunately,  he  somewhat  impaired 
the  value  of  these  correct  observations  by  suggesting  that  the 
red  rock  of  Cnoc  na  Sroine  is  a  mere  variety  of  the  "  Logan 
Rock,"  which,  in  the  localities  referred  to  by  Professor  Heddle, 
has  been  proved  beyond  doubt  to  be  a  portion  of  the  Lewisian 
gneiss. 

Subsequently  Dr.  Callaway*  alluded  to  some  of  the  igneous 
rocks  in  the  Assynt  series,  particularly  between  Ledmore  and 
Loch  Ailsh,  noting  the  granitoid  texture  which  is  characteristic 
of  the  Loch  Borrolan  mass,  and  an  exceptional  garnetiferous 
variety  on  the  slope  north  of  the  road  east  of  that  lake.  In  an 
appendix  to  Dr.  Callaway's  paper,  the  microscopic  characters  of 
some  of  these  rocks  were  described  by  Professor  Bonney.t 

In  1886  Dr.  Teall  described  the  characters  of  some  hornblende^ 
bearing  rocks  of  this  series  near  Inchnadamff,  arranging  them  in 
three  groups  and  giving  analyses  of  three  specimens.  Regard- 
ing the  most  basic  type,  which  differs  from  the  others  in  con- 
taining a  large  amount  of  colourless  pyroxene,  the  author 
remarked  that  **  in  all  probability  the  pyroxene  is  a  nearly  pure 
lime-magnesia  bisilicate,  and  one  is  therefore  tempted  to  ask 
whether  it  may  not  be  due  to  the  absorption  by  the  igneous 
magma  of  a  certain  amount  of  the  dolomitic  limestone  into 
which  the  rock  has  been  intruded. *'+  In  1892  Dr.  Teall 
gave  a  detailed  petrographical  account  of  a  group  of  rocks  which 
he  termed  borolanites,  obtained  in  the  neighbourhood  of  Cnoc  na 
Sroine,  in  the  course  of  the  Geological  Survey  of  the  district. 
He  described  the  typical  rock  as  a  granular  aggregate  of  ortho- 
clase and  melanite,  with  biotite,  pyroxene,  alteration  products 
after  nepheliiie  and  sodalite,  with  sphene  and  apatite,  as  sub- 
ordinate and  variable  constituents.  He  pointed  out  the  affinities 
of  borolanite  to  the  eheolite-syenite  family,  the  nearest  allied 
rocks  being  the  elteolite-syenites  of  the  Christiania  district,  in- 
vestigated by  Professor  Brogger.§ 

*  Quart.  Jour.  Qeol,  8<>c.y  vol.  xxxix.,  p.  409. 

t  QuaH.  Jour.  OeoL  Soc.^  vol.  xxxix.,  p.  420. 

+  Oeol.  Mag.,  1886,  p.  386. 

^  Trans.  JUyy.  Sor.  Edin.,  vol.  xxxvii.,  Part  I.,  p.  163, 
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The  crystalline  rocks  illustrating  this  phase  in  (he  geological 
hiatorj-  of  the  North-West  Highlands  are  all  intrusive,  no  con- 
temporaDeaiiH  volcanic  materials  having  been  detected  within 
the  area  examined  by  the  Geological  Survev.  Thev  occur  (1)  as 
plutouic  masses,  (2)  as  intrusive  sheets,  and  (ii)  as  tiykcs. 

It  M  noteworthy  that  this  outbreak  of  igneous  actiWtv  in  these 
ancient  sedimentary  systems  has  a  comparatively  local  develop- 
ment. Although  the  Tonidon  Sandstone  and  the  overlyiug 
Cambrian  strata  can  he  traced  continuously  for  a  distance  of  90 
miles  across  the  counties  of  Sutherland  and  Ross,  the  rocks  now 
to  be  described  are  confined  to  a  limited  portion  of  this  belt. 
In  the  area  lying  immediately  to  the  west  of  the  post-Cambrian 
terrestrial  movements,  they  extend  from  Loch  Assynt  to  near 
Elphin,  a  distance  of  about  nine  miles,  but  in  the  region  affected 
by  these  movements  they  stretch  from  near  Beiun  Lice,  about  a 
mile  south  of  Loch  More,  to  Ullapool — a  distance  of  27  miles. 
Originally  they  must  have  penetrated  far  to  the  east,  for  they 
have  been  carried  westwards  with  the  associated  sedimentary 
strata  along  the  higher  thmst-planea.  It  is  worthy  of  note  also 
that  deformed  igneous  rocks  allied  to  some  of  the  members  of 
tliis  series  have  been  recorded  from  the  shore  of  Loch  Broom 
and  eaai  of  Kinloch  Ailsh,  where  they  are  intercalated  in  the 
Moine  schists.  Seeing  that  the  dolomites  of  the  Durness  series 
Lave  been  converted  into  marble  by  these  igneous  rocks,  and 
that  the  intrusive  sheets  are  truncated  by  the  numerous  thrusts 
or  lines  of  displacement  traversing  the  region,  it  is  obvious  that 
the  period  of  igneous  intrusion  to  which  they  belong  ia  later  than 
the  Cambrian  dolomites  and  older  than  the  post -Cambrian  move- 
ments. 


i.  Phdonie  Matt  of  Cnoc  tm  SrHine  and  Loch  Borrolan. 

The  igneous  material  attains  its  greatest  development  in  the 
southern  portion  of  Assynt,  where  it  covers  an  area  five  miles  in 
extent  from  Ledbeg  eastwards  to  a  point  near  the  road  leading 
to  Loch  Ailsh.  It  is  traceable  also  from  the  peat-clad  moor 
south-east  of  Loch  Borrolan  northwards  to  the  glopes  of  Sgonnan 
Mor. 

Along  the  north-western  and  western  margin  of  the  plutouic 
rocks  near  Ledmore,  Ledbeg,  and  Cnoc-an-Leathaid-Beg,  their 
relations  to  the  marble  are  complicated  by  the  occurrence  of 
various  outliers  of  materials  resting  above  the  Ben  More  thrust- 
plane,  originally  continuous,  but  now  forming  isolated  patches, 
which  cover  portions  both  of  the  igneous  rocks  and  of  the  marble. 
The  prominent  escarpment  that  skirts  the  range  of  hilly  ground 
from  Loch  Borrolan  to  the  west  slope  of  Cnoc  na  Sroino  does  not 
mark  the  western  limit  of  the  mass,  for  the  igneous  rocks 
occur  in  association  with  the  marble  in  the  Ledbeg  River  and 
high  up  on  the  slope  of  Cnoc-an-Leathaid-Beg  to  the  west.  At 
the  latter  locality   both  the  granitoid  rock  and  the  marble  are 
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buried  underneath  the  basal  quartzites  and  the  pipe-rock,  which, 
resting  unconformably  on  a  slice  of  Lewisian  gneisa,  form 
together  with  it  an  outlier  separated  by  denudation  from 
the  displaced  masses  that  come  above  the  Ben  More  thrust- 
plane. 

Along  the  northern  margin  the  boundary-line  sweeps  east- 
wards by  the  south  side  of  the  Ledbeg  lliver  to  Ruighe  Cnoc, 
two  miles  east  of  Cnoc  na  Srdine,  where  there  is  a  fine  escarp- 
ment of  the  syenite.  For  most  of  this  distance  the  junction  of 
the  intrusive  mass  with  the  thrust  Cambrian  strata  is  buried 
under  peat  and  drift.  Typical  examples  of  borolanite  occur  at 
the  margin  of  the  mass  and  within  a  short  distance  of  the  marble 
on  the  south  side  of  the  Ledbeg  River,  and  not  far  from  the 
shepherd's  house  at  Loyne.  Again,  on  fne  south-west  slope  of 
Sgonnan  Mor,  four  small  streams,  which  unite  to  form  an  im- 
portant tributary  of  the  Ledbeg  River  at  Luban  Croma,  display 
excellent  sections  of  borolanite  penetrating  the  marble  between 
the  1000  and  1250  feet  contour-lines.  Not  far  above  this  level 
both  the  marble  and  the  intrusive  rocks  are  truncated  by  the 
Ben  More  thrust-plane,  which  has  brought  forward  a  great  slice 
of  Lewisian  gneiss  covered  unconformably  by  Torridon  Sand- 
stone and  Cambrian  strata. 

The  eastern  limit  of  the  plutonic  mass  can  be  approximately 
defined  by  means  of  rocky  knolls  that  project  through  the  peat 
and  drift  in  the  neighbourhood  of  Strathsheaskich,  near  Loch 
Ailsh,  where  the  igneous  rock  is  bounded  by  massive  white 
marble,  apparently  resting  upon  it,  and  dipping  towards  the 
east  at  angles  from  30^  to  70^.  This  boundary  can  be  traced 
through  the  gap  close  by  the  Kinlochailsh  road  to  the  high  road 
leading  to  Inchnadamff. 

The  southern  limit  of  the  igneous  mass  is  to  a  large  extent 
obscured  by  the  extensive  covering  of  peat  which  stretches  con- 
tinuously from  the  Kinlochailsh  road  westwards  to  Loch  Urigill 
and  Ledmore,  but  occasional  exposures  of  rock  are  to  be  found 
in  the  streams  that  cut  through  the  peat  and  drift.  The  same 
rock  extends  far  to  the  south  of  the  road  between  Loch  Borrolan 
and  Allt  a'  Mhuilinn,  for  it  is  visible  in  small  burn-sections  about 
three-quarters  of  a  mile  south  of  the  latter  locality,  where 
it  is  again  overlapped  by  the  Cambrian  quartzites  and  Lewisian 
gneiss  lying  above  the  Ben  More  thrust-plane. 

Though  the  material  of  this  extensive  plutonic  mass  in  the 
south  of  Assynt  is  generally  massive,  a  distinctly  foliated  type 
of  borolanite  appears  to  the  east  of  Aultnacallagach  Inn  in  a 
small  stream  (Aultivullin)  which  drains  Loch-a-Mheallain  and 
flows  southwards  into  the  Allt  an  Loin  Dubh.  The  same  type 
occurs  also  on  the  hill-slope  to  the  east  of  these  localities,  and 
has  been  traced  in  the  burn-sections  on  the  moor  south  of  Aulti- 
vullin as  far  as  the  slopes  of  Cnoc-na-Glas-Choille.  The  folia- 
tion-planes dip  towards  the  east  at  an  angle  of  15°,  thus 
coinciding  with  the  general  inclination  of  the  post-Cambrian 
planes  of  movement. 
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which  ooonn  to  the  Uinut  Eilettn  Dabh  limeetond,  about  half  ft 
Diile  E.N.E.  of  the  Tillage  of  Elphis. 

Special  allusion  aa^  nere  be  made  to  the  oheet  of  igneoaa 
material  which,  oorenn^  about  three  sq^oare  miles  of  ground 
near  EinlochailBh  and  east  of  Sgonnan  Mor  in  the  Oykel  valley, 
is  associated  with  the  rooks  that  orerlie  the  'Bea  More  thrusts 
|Jane,  The  evidence  in  the  field  leads  to  the  oonclusion  that 
this  mass  has  been  brought  into  oonjonction  with  the  displaced 
Lewisian  gneiss  and  Cambrian  qnarteitea  by  meus  of  a  tnruBt. 
Along  its  eastern  margin,  for  part  of  the  distance,  it  is  in  con- 
tact with  the  fuooid-beds  and  Loch  Ailsh  maiUe,  and  over  the 
remaining  portion  it  is  troncated  by  the  Hoine-thrust.  It  eon- 
sists  mainly  of  a  syenite,  a  t^cal  speeimen  of  vhich  shows 
nnder  the  microscope  much  micro-peiUkite  and  carVmnatea  after 
a  ferro-magneBian  mineral,  possibly  aogite  and  iron-ores.  The 
rock  is  closely  related  to  the  Loch  Borroum  mass.  In  Allt  Creag 
na  Feama,  a  stream  draining  the  south-east  slope  of  Sgonnan 
Mor,  basic  patches  iriiich  appear  in  the  syenite  snow  the  modi- 
fications which  take  place  within  the  mass.  To  illustrate  the 
stadation  of  the  igneous  material,  specimens  of  one  of  these 
knots  were  examined  under  the  microscope,  when  the  core  was 
found  to  consist  of  a  dark  massive  rock  containing  pale-green 
pyroxene,  greenish  biotite,  and  a  little  oolonrless  alkali  felspar. 
The  rook  surroonding  the  core  is  coarse-grained  and  massive, 
and  is  composed  of  micro-perthite,  (digoolase,  green  augite,  and 
biotite,  wittt  sphene  and  apatite  as  accessories.  Dr.  Teall  terms 
the  latter  an  angite-biotite-syenite,  which  has  affinities  with  the 
angite  syenites  of  the  Christiania  district.  It  is  evident,  there- 
fore, that  syenites  of  the  type  of  the  Cnoc-na-Sroine  mass  must 
have  extended  far  to  the  east  of  their  present  limits,  as  the 
Loch   Ailsh   sheet   has  been   driven   westwards   with   Lei 


gneiss,  Torridon  Sandstone,  and  Cambrian  strata  by  the  Ben 
More  thrust. 

Along  its  eastern  margin,  where  the  igneous  mass  presents  a 
ha.sic  phase,  being  a  homblendite  with  pyroxene,  merging  in 
places  into  an  augite-biotite-diorite,  it  comes  in  contact  with  the 
fu  CO  id-beds  and  dolomite,  and  greatly  affects  them.  The 
fucoid-beds  become  there  a  brecciated  hornfels,  and  pass  into 
a  rock  composed  of  oligoclase,  carbonates,  biotite,  hornblende, 
and  possibly  quartz.  The  overlying  dolomite  is  changed  into  an 
ophicalcite,  and  the  isolated  patches  in  the  basic  intrusion  con- 
tain green  biotite,  diopside,  and  other  contact  minerals. 

The  dykes  associated  with  this  outbreak  of  igneous  activity  in 
the  west  of  Sutherland  and  Ross  are  comparatively  rare.  Close 
by  the  western  margin  of  the  Loch  Ailsh  sheet,  in  a  bum  a 
quarter  of  a  mile  north  of  the  top  of  Sgonnan  Mor,  and  in  a 
crag  west  of  Loch  Coire  na  Meidhe  on  the  west  face  of  that 
mountain,  two  examples  of  orthophyre  occur,  which  I)r.  Teall 
regards  as  the  dyke  phase  of  the  syenite  magma. 

Again,  a  dyke  of  the  Canisp  porphyrite  type,  ohowing  spheru- 
litic  structure,  pierces  both  divisions  of  the  quartzite  on  the 
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south  side  of  that  hill,  and  has  been  traced  at  intervals  across 
the  Lewisian  gneiss  plateau  by  Lochinver  Bridge  to  the  pro- 
montory south  of  Achmelvich  Bay. 

Of  special  importance  are  the  dykes  of  borolanite  referred  to 
by  Dr.  Teall  (Chapter  XXX.)  which  traverse  the  Torridon 
Sandstone  in  the  Coigach  district.  The  best  examples  of  these 
appear  on  the  west  side  of  the  peninsula  at  Camas  Eilean  Ghlais, 
in  Rhu  More  Coigach,  about  three-quarters  of  a  mile  north  of 
ReifP.  The  largest  of  them,  which  is  from  25  to  30  feet  wide, 
may  be  followed  from  a  point  300  yards  east  of  the  house  down  to 
the  shore  of  the  bay.  Its  direction  is  about  10^  north  of  west, 
and  it  is  apparently  shifted  by  N.N.E.  faults.  Another  of  the 
same  type,  with  a  parallel  course,  occurs  about  125  yards  to  the 
north,  and  though  only  about  15  feet  wide  sends  out  three  small 
branches.  The  f  el  spathic  matrix  of  this  intrusion  shows  marked 
spherulitic  structure. 

iii.  Possible  Volcanic  Veiit  connected  with  the  Assyat  SiUs.* 

Although,  as  above  stated,  all  the  crystalline  igneous  rocks  of 
Assynt  are  of  intrusive  origin  and  do  not  of  themselves  definitely 
prove   that    their   intrusion    was    accompanied   by    any    actual 
volcanic  eruption  of  material  to  the  surface,  their  behaviour  as 
sills  and  dykes  affords  ground  for  the  belief  that  they  may  not 
improbably  have  been  attended  with  the  opening  of  one  or  more 
volcanic  vents.     The  only  evidence  of  such  a  possible  escape  of 
material  to  the  surface  during  the  epoch  of  the  sills  has  been 
detected  in  the  bed  of  the  River  Oykell  at  a  point  about  three 
miles  above  Loch  Ailsh.     The  stream  when  low  there  exposes 
the   two   uppermost   sub-divisions   of   the   Cambrian   quartzite, 
together  with   a   small   outlier  of  the   overlying  fucoid-shales. 
The  quartzites  are  traversed  along  their  bedding-planes  by  two 
sills  of  hornblendic  porphyrite  or  vogesite  resembling  those  inter- 
calated in  the  Cambrian  rocks  near  Inchnadamff.       All  these 
rocks,  together  with  a  portion  of  the  Lewisian  gneiss  on  which 
they  rest,  have  been  brought  into  their  present  position  upon  a 
minor  thrust-plane,  and  have  been  truncated  above  by  the  great 
Ben  More  thrust,  which  has  here  carried  forward  the  Lewisian 
gneiss,  together  with  the  overlying  unconformable  Torridonian 
and  Cambrian  strata  involved  with  it.     At  the  exact  point  of  the 
river-bed  just  referred  to,  as  shown  in  the  accompanying  plan 
(Fig.   19),   drawn  approximately  to  scale,   the  hard   "piped" 
quartzite  is  pierced  by  a  mass  of  breccia    22  yards  long  by  15 
yards  wide,  which  is  almost  entirely  composed  of  limestone  or 
dolomite    fragments    -belonging    chiefly   to    the    Eilean    Dubh 
group.     The  breccia  is  arranged  in  layers  of  coarser  and  finer 
texture,  dipping  steeply  towards  the  edges  of  the  hole  in  which 
the  breccia  lies.     The  walls  of  this  cavity  or  pipe  are  clean  cut 
and  practically  vertical.     A  sill  of  hornblendic  porphyrite  lies 
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sill  where  it  reaches  the  breccia  sends  tongues  into  it.       The 
molten  material  haa  also  risen  in  places  between  the  breccia  and 
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the  vertical  walls  of  quartzite  that  form  the  edge  of  the  pipe. 
Moreover,  it  has  flowed  in  between  fragments  of  the  breccia  and 
floated  them  off,  so  that  they  are  now  found  totally  enveloped  in 
it.  A  large  mass  of  the  **  pipe-rock''  has  been  isolated  by  the 
porphyrite,  which  is  often  vesicular  and  slaggy.  The  limestone- 
breccia  has  here  been  converted  into  a  marble,  the  instertitial 
fine-grained  material  being  affected  as  well  as  the  enclosed  blocks 
of  limestone.  There  has  likewise  been  a  production  of  metar 
morphic  magnesian  minerals,  indicating  that  some  of  the  blocks 
were  dolomitic  at  the  time  of  the  igneous  intrusion. 

As  the  vosgesite  and  porphyrite  sills  have  been  shown  to  have 
been  intruded  prior  to  the  period  of  great  earth-movements,  the 
materials  of  the  breccia  must  have  fallen  into  this  hole  in  the 
pipe-rock  from  above  and  from  a  height  of  more  than  200  feet, 
because  the  base  of  the  Eilean  Dubh  dolomite  is  more  than  that 
distance  above  the  top  of  the  pipe-rock.  The  formation  and 
infilling  of  this  orifice  took  place  before  the  intrusion  of  the  sills, 
and  probably  long  anterior  to  the  time  of  the  great  stresses  in  the 
terrestrial  crust  which  produced  the  thrust- planes.  The  appear- 
ances here  observable  afford  plausible  ground  for  believing  that 
this  orifice  in  the  quartzite  was  a  true  volcanic  vent,  whence  only 
gases  may  have  escaped,  and  which  was  filled  up  by  the  descent 
of  fragments  from  the  walls  of  limestone  above. 

II.  Region  to  the  North  of  Assynt.* 

The  sills  so  well  developed  in  Assynt  continue  for  some 
distance  to  the  north  of  that  district.  In  the  thrust  area 
between  Loch  More  and  Beinn  Uidhe  (Sheets  107,  108),  besides 
the  intrusions  in  the  granulitic  schist  series,  many  others  have 
been  noted  in  the  Cambrian  rocks  and  the  Lewisian  gneiss. 
These  may  be  divided  into  two  classes  according  as  they  are 
older  or  later  than  the  thrusts.  Only  two  of  the  observed 
examples  are  likely  to  belong  to  the  younger  class.  These  are 
two  thin  dykes  of  mica-trap  which  occur  in  the  Cambrian  lime- 
stone in  the  valley  a  little  above  Loch  na  Creige  Duibhe  (north  of 
Glendhu).  They  are  both  much  decomposed,  but  not  sheared 
or  crushed.  Of  the  older  series,  many  representatives  have  been 
detected.  None  of  them  occur  quite  so  far  north  as  the  mica- 
traps  near  Loch  na  Creige  Duibhe.  The  most  northerly 
example  at  present  known  is  a  dioritic  rock  (2735),  which  is 
doubtless  an  extension  of  the  Assynt  sills.  It  occurs  in  the 
Giiidie  limestone  about  a  third  of  a  mile  slightlv  west  of  south 
of  Beinn  Lice,  on  the  south  side  of  Loch  More.  The  exposure  of 
it  is  very  small,  but  the  intrusion  probably  takes  the  form  of  a 
thin  sill.  In  the  extensive  quartzite  area  which  lies  to  the  west, 
and  which  has  presumably  been  pushed  forward  in  the  same 
thrust,  no  igneous  intrusions  have  been  observed. 

A  thin  intrusion  probably  occurs  near  the  base  of  the  quartzite 
about  half  a  mile  slightly  west  of  south  of  the  Ordnance  Station 
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on  Beinn  a'  llhilitha  (north-east  of  Gieudliu),  but,  aa  the  section 
waa  not  understood  when  it  was  examined,  we  are  unable  to 
speak  with  confidence  about  it.  A  little  further  north,  how- 
ever, both  on  the  south  side  of  Gleann  Dubh  (Sheet  107)  and 
near  the  foot  of  Loch  Strath  nan  Asinnteach,  Ihin  intrusive  sills, 
from  one  or  two  up  to  ten  or  twelve  feet  thick,  are  usually  to  be 
observed  either  at  the  base  of  the  quartisite  or  only  a  few  feet 
above  the  base,  and  also  other  thin  sills  at  higher  horizons  in 
the  quartzite,  as  in  Assynt.  The  sill  at  the  hose  of  the  quartzite 
is  exposed  about  three-quarters  of  a  mile  slightly  east  of  south  of 
Glendhu,  and  in  various  places  near  the  little  loch  rather  more 
than  a  mile  south-east  of  Glendhu.  Possibly  it  may  continue  to 
the  north-east  side  of  Glen  Ooul,  but,  as  it  decomposes  more 
ifeadily  tlian  the  atljacent  rocks,  it  is  not  often  seen.  Sills 
appear  on  the  same  horizon  further  south— for  instance,  near  the 
north  end  of  Loch  nan  Caorach  and  about  TOO  yards  S.S.W,  and 
700  yards  south  of  the  south  end  of  this  loch ;  but  in  an  inter- 
mediate aiea,  in  Glencoul,  and  also  near  ihe  foot  of  Loch  Strath 
nan  Asinnteach  (about  two  miles  east  of  Glendhu),  the  intrusive 
rock  has  generally  found  a  place  not  at,  but  a  little  distance 
above,  the  base  of  the  quartzite. 

The  other  horizons  in  which  sills  are  most  commonly  found 
here  are  a  little  below  the  base  and  8  little  below  the  top  of  the 
pipe-rock.  In  the  former  position  are  the  sills  which  appear  in 
several  places  near  the  foot  of  Loch  Strath  nan  Asinnteach,  on 
both  sides  of  Glen  Coul,  and  about  half  a  mile  west  and  TOO  yards 
slightly  west  of  sooth  of  the  south  end  of  Loch  nan  Caorach 
(Sheet  1U7)-  On  th.-  hiy-her  horizon  are  the  sills  about  a  mile 
and  700  yards  south-east  of  Glendhu,  half  a  mile  N.N.W.  of 
the  north  end  of  Loch  nan  Caorach,  the  east  side  of  Loch  nan 
Caorach,  half  a  mile  weet  and  two-thirds  of  a  mile  south  of 
the  south  end  of  Loch  nan  Caorach.  At  the  last-mentioned 
place  the  sill  is  sometimes  as  much  as  40  or  50  yards  wide,  with 
a  high  dip.  This  unusual  width  does  not  seem  due  to  repetition 
by  nirusts.  Some  other  sills  in  the  basal  quartzite  in  the  same 
neighbourhood  are  also  unusually  wide. 

In  this  district  no  sills  have  been  noticed  within  the  fucoid- 
shales,  A  sill  has  invaded  the  serpulite-grit  a  third  of  a  mile 
8.S.E.  and  about  half  a  mile  south-east  of  the  south  end  of  Loch 
nan  Caorach,  Besides  the  intrusion  already  mentioned  as  occur- 
ring in  the  Grudie  limestone  near  Beinn  Lice,  sills  appear  in  the 
same  limestone  on  the  east  and  south-east  sides  of  Loch  nan 
Caorach. 

In  the  unthrust  area  between  Loch  Inchard  and  Loch  a' 
Ch&im  Bhain  (Sheets  107  and  113),  the  only  intrusions  that 
seem  likely  to  be  of  post-Cambrian  age  are  (1)  some  thin  sheets 
of  mica  diabase  near  Rudh'  an  Tiompain,  on  the  coast  south-west 
of  Loch  Laxford ;  (2)  three  or  four  north -east -south -west  dykes  of 
olivine  diabase  on  the  coast  near  Loch  na  Claise  luchairich  (two 
and  a  half  miles  south-west  of  Bhiconich),  and  a  thin  sheet  of 
chocolate- coloured  porphyrite  on  the  coast  about  a  mile  west  of 
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Glendhu.  None  of  these  have  much  resemblance  to  the  intru- 
sions which,  in  Assynt  and  elsewhere,  are  affected  by  post- 
Cambrian  thrusts. 

An  intrusion  which  lies  within  the  Lewisian  gneiss  on  the  west 
side  of  the  quartzite  half  a  mile  west  of  the  south  end  of  Loch 
nan  Caorach  (Sheet  107)  seems  to  be  connected  with  the  sill  at 
the  base  of  the  quartzite,  and  the  sill  about  three-quarters  of  a 
mile  slightly  east  of  south  of  Glendhu  appears  at  one  place  to 
run  off  into  the  gneiss.  In  the  glen  south-east  of  Loch  Beag,  of 
Loch  Glencoul  (Sheet  107),  are  many  intrusions,  which,  though 
confined  to  the  gneiss  area,  present  much  the  same  lithological 
character  as  the  sills  in  the  Cambrian  rocks.  They  have  been 
pai-tly  sheared.  The  best  exposures  of  them  may  be  seen  on  the 
south-west  side  of  the  glen  from  about  half  a  mile  west  to  a  mile 
and  a  half  S.S.E.  of  the  head  of  the  loch.  They  often  form 
rather  conspicuous  green  ledges  and  recesses  in  scars.  One  of 
them  was  traced,  with  an  interruption,  in  a  north-westerly 
direction  for  about  a  mile.  The  others  also  have  generally  nearly 
the  same  trend,  though  liable  to  rather  sudden  twists.  Some- 
times two  of  them  unite  at  a  considerable  angle.  Perhaps  for 
the  most  part  they  may  be  regarded  as  low-angled  sheets.  They 
often  cut  the  gneiss  and  the  Scourie  dykes,  and  even  where  the 
strike  of  the  gneiss  is  not  north-west  this  continues  still  to  be 
their  prevalent  direction. 


CHAPTER  XXX. 

I'UST-CAMBIilAN  IGXKOUS  ROCKS  OF  OLDER  DATE 
THAN  THE  GREAT  THltUST-MOVEMENTS  OE  THE 
REGION:  THEIR  I'ETHOGRAPHY.' 

The  pnat-Cambrian  igneous  rocks  dewribed  in  the  last  chapter 
have  been  shown  to  occur  as  plufonic  masses  and  as  sills  or 
dykes,  but  without  any  lavas  or  effusive  types. 

i.  Pbitonic  Maeses- 

Thc  principal  phitonic  mass  stretches  from  the  neighbouihood  of 
Ledbeg  for  about  five  miles  in  a  soufh-easterly  direction,  with  an 
BTerage  width  of  rather  less  than  one  mile.  Cnoc-na-Sroine 
{1306  feet)  forms  the  culminating  point.  This  mass  is  by  no 
means  uniform  in  composition.  It  includes  granite,  quartz- 
syenite,  melanite-syeiiite,  nepheline-syenite,  and  borolanite; 
while  the  outlying  patches  which  occur  as  satellites  to  the  main 
mass  supply  additional  varieties  such  aa  ac  mite -granite  and 
pyroxenite. 

The  rock  which  forms  the  hill  of  Cnoc  na  Sroine  is  a  red 
granite,  remarkably  poor  in  ferro-magne.sian  or  any  other  dark- 
coloured  constituents.  The  amount  of  quartz  is  variable.  Some- 
times this  mineral  is  present  in  considerable  quantity,  and  the 
rock  is  then  a  true  granite;  at  other  times  it  is  rare  or  absent, 
and  the  rock  becomes  a  syenite.  A  typical  specimen  from  the 
bum  behind  the  inn  at  Auitnacallagach  (3082)  is  a  coarse-grained 
red  granite  or  quartz -syenite,  compo.sed  mostly  of  felspar,  but 
containing  also  a  few  blebs  of  quartz  and  some  insignificant  dark 
specks  representing  a  ferro-magnesian  constituent.  Under  the 
microscope  two  felspars  are  recognisable.  The  plagioclase  occurs 
in  more  or  less  idiomorphic  ciystals,  whicli  are  often  zoned  and 
always  twinned  on  the  albite  plan.  The  twin  lamellee  are  nume- 
rons  and  very  narrow.  The  second  felspar  occurs  in  large 
irr^nlar  plates,  and  shows  moirg-structure  under  crossed  nicola ; 
it  18  often  twinned  on  the  Carlsbad  plan,  and  frequently  contains 
inclusions  of  idiomorphic  plagioclase.  Quartz  occurs  in  irre- 
gular grains.  The  ferro-magnesian  mineral  is  represented  by 
minute  scales  of  chlorite. 

Wlien  the  powder  of  the  rock  is  placed  in  a  diffusion  column 

three  well-marked  bands  are  formed,  one  corresponding  to  quartz, 

•  By  J.  J.  H.  Te«U. 
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which  is  present  only  in  small  quantity  (2.65),  another  corre- 
sponds to  albite  (2.62),  and  a  third  to  orthoclase.  Although 
the  specific  gravity  of  the  plagioclase  practically  agrees  with 
that  of  albite,  the  extinctions  on  M-flakes  are  slightly  less  than 
those  characteristic  of  this  mineral  —  15°  to  17°,  as 
against  19°.  The  optical  characters  of  the  second  felspar 
agree  with  orthoclase.  Of  the  two  felspars  albite  is  the  more 
abundant. 

Another  specimen  (3090)  from  Cnoc  na  Sroine  (about  six  miles 
south  of  Inchnadamff)  is  very  similar  in  general  appearance, 
but  contains  less  quartz.  In  this  rock  the  two  felspars  are 
intimately  intergrown,  and  often  take  on  the  character  of  micro- 
perthite.  Other  red  rocks  from  the  same  mass  are  true  syenites, 
without  quartz,  and  these  sometimes  contain  pseudomorphs  after 
nepheline  as  well  as  accessory  melanite  (3083) .  The  felspars  are 
either  orthoclase  or  micro-perthite. 

The  greater  portion  of  the  area  which  is  composed  of  plutonic 
rocks  is  occupied  by  varieties  similar  to  those  above  described, 
but  on  the  margins  and  to  the  south-east  other  varieties  occur. 
The  most  important  of  these  varieties  are  grey  or  black  in  colour, 
and  contain  melanite  as  an  essential  constituent.  On  the  one- 
inch  map  the  south-eastern  portion  of  the  plutonic  area  is 
coloured  as  borolanite,  but  this  area  is  by  no  means  uniform  in 
composition.  Typical  borolanite  is  best  seen  in  the  small  burn 
named  AUt  a'  Mhuilinn  on  the  six-inch  map,  and  in  the  area  to  the 
east  of  this  burn.  The  burn  has  no  name  on  the  one-inch  map, 
but  it  may  be  easily  recognised  as  it  crosses  the  road  about  one 
and  a  quarter  mile  east  of  the  inn  at  Aultnacallagach.  Between 
the  eastern  end  of  Loch  Borrolan  and  AUt  a'  Mhuilinn  the  crags 
overlooking  the  road  are  formed  of  rocks  which  contain  less 
melanite  than  the  ty]3ical  borolanite,  and  may  be  appropriately 
termed  melanite-syenite.  They  are  largely  composed  of  grey 
orthoclase,  with  variable  amounts  of  green  biotite  and  melanite. 
Micaceous  pseudomorphs,  precisely  similar  to  the  so-called 
liebonerite,  and  presumably  after  nepheline,  are  sometimes 
present.  The  grains  of  melanite  are  sometimes  surrounded  by  an 
opaque  border  reminding  one  of  that  which  commonly  surrounds 
the  nomblende  in  hornblende-andesites.  In  some  cases  only  a 
trace  of  melanite  substance  remains,  and  in  others  none  at  all. 
Melanite-syenites  are  not  limited  to  the  area  in  question.  They 
occur  also  on  the  lower  slopes  of  Cnoc  na  Sroine  to  the  north, 
and  in  the  Ledmore  lliver  between  Loch  Borrolan  and  the  shep- 
herd's house  at  Ledmore.  Many  interesting  varieties  may  be 
collected  from  the  last-men tionea  locality.  A  specimen  from  a 
point  200  yards  east  of  Ledmore  Lodge,  close  to  the  Ledmore 
River  (9920),  is  a  medium-grained  mottled  rock  in  which  the 
light  and  dark  coloured  constituents  are  unequally  mixed.  The 
constituents  are  orthoclase,  melanite,  green  biotite,  alteration 
products  after  nepheline,  sphene,  epidote,  and  apatite.  Another 
specimen  from  the  Ledmore  lliver  not  far  from  the  above  (992e3) 
is  a  dark-grey,  medium-grained  melanite-biotite-syenite,  verging 
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an,  ^rpiul  boiolmnite.      The  light-colouri'd    con^titueuts   are 
,   OKthouaae  and  mioro-gr^iliia  inte^rowths  of  ortlioclase,  asd  the 
ftttersium  prodooi  kitar  neplieline,  such  as  occur  in  tke  p^uodo- 
iMudtea  of  the  boroluiite  hereafter  to  be  described. 

^^rpioal  boTolaaite*  u  best  seen  in  Allt  a'  Mhuilinn  and  in 
the  area  to  the  east.  The  crags  uverlooking  the  road 
immediately  to  the  east  of  the  bora  funusli  escellent  exposures. 
The  rook  is  daik  in  colour  and  of  mediuai-graiu.  It  containii 
whitlBh  patches,  osaally  more  or  less  spliprical  or  ellipsoidal  in 
form,  bat  oooantmally  showing  polyhedral  boundaries.  These 
patohes  Tary  ooneidenUy  in  ai».  The  smallest  are  oal)-  just 
oistinotly  visible  to  the  luked  eye ;  the  largest  measure  au  inch 
at  more  across.  Where  the  roofc  bJas  been  subjected  to  deforma- 
tion during  or  snbseqnent  to  oonsolidation,  ike  white  patchea  take 
the  lorm  of  lentioles  or  streaks. 

The  dominant  otmstitiients  of  the  main  mas^  of  the  rock  are 
ortiioclase  and  melanite ;  {xUgioclase,  an  alteration  product  after 
nepheline,  and  biotite  come  next  in  importance.  Apatite, 
sphene,  and  iron-ores  oocnr  as  accessory  constituents. 

Orthoclase  is  the  principal  felspar.  Soda-felspar  is  compara- 
ttrely  rare.  It  occurs  as  small  grains  between  large,  irregiilar 
individnals  of  orthoclase,  as  gnuna  in  &ssociaHon  with  similar 
grains  of  orthoclase,  and  also  as  a  constituent  of  niicro-pertbite. 

Next  to  orthoclase,  melanite  is  the  most  important  constituent. 
It  is  blaok  vhen  viewed  macroBcopically,  and  possesses,  when 
traotnred,  a  somewhat  reainouB  Instre.  Good  ciystalline  form  is 
absent,  as  a  rule,  bnt  perfect  little  crystals  may  occasionally  be 
observed.  The  dominant  form  is  the  rhombic  dudecahe^run 
(110).  The  edges  of  this  form  are  sometimes  truncated  by  those 
oi  the  icosi- tetrahedron  (211),  exactly  as  is  the  case  with  the 
well-known  melanite  from  Frascati.  In  thin  sections  the  colour 
of  the  melanite  varies  from  a  pale  to  a  very  deep  brown.  The 
central  portions  are  sometimes  more  deeply  coloured  than  the 
margins,  and  sometimes  the  reverse  relation  may  be  observed, 
The  borders  of  the  differently  tinted  portions  may  correspond  to 
the  cryatallographic  outlines  of  the  individual,  thus  producing 
true  zonal  structure,  or  they  may  be  irregular.  The  individuals 
vary  in  size  from  very  small  grains,  only  .05  mm.  in  diameter, 
to  large  crystals  or  irregular  masses  measuring  1  or  2  mm.  across. 
Iron-ore,  sphene,  and  biotite  occur  as  inclusions,  and  the  mineral 
is  both  idiomorphic  and  allotriomorphic  with  respect  to  felspar. 

The  biotite  is  black  when  viewed  macroscopically.  Cleav^e 
flakes,  examined  with  the  microscope,  appear  dull  dark-green 
by  transmitted  light  and  are  nearly  uniaxial.  Thin  sections  at 
nght-an^les  to  the  principal  cleavage,  when  tested  for 
pleochroism,  change  from  dark-green  to  yellowish -brown.  The 
individuals  vary  considerably  in  size,  and  are  generally  irregular 
in  form.  The  larger  flakes  are  often  corrugated.  Pyroxene, 
iron-ores,  garnet,  and  occasionally  felspar  occur  as  inclusions. 

•  "  On  Borolnnite-— an  Igneous  Rock  intrusivi)  in  the  Cambrian  Limestone 
of  Aseynt."  By  J.  Home  and  J,  J.  H.  Teall,  Trans.  Roy.  Soe.  Edin., 
Tol.  Mxvii.,  Part  I.  (No.  11),  pp.  163-178. 
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Of  the  accessory  minerals,  sphene  is  the  only  one  that  deserves 
special  mention.  It  occurs  in  the  form  of  minute  (.03  x  .07 
mm.)  spindle-shaped  granules,  which  are  found  only  in  the 
melanite.  These  granules  sometimes  occur  so  abundantly  as  to 
leave  scarcely  any  of  the  isotropic  garnet-substance  between 
them  in  the  thin  sections.  At  other  times  they  are  entiiT^ly 
absent.  If  these  melanites  were  isolated  and  analysed  they 
would  in  general  be  found  to  be  highly  titaniferous,  but  this 
would  not  prove  that  titanium  was  present  in  the  melanite- 
molecule. 

Pyroxene  is  rare  in  typical  borolanite,  but  it  occurs  in  the 
associated  rocks,  some  of  which  are  true  augite-syenites.     When 

E resent  it  is  usually  without  any  very  definite  crvstalline  form, 
ut  sometimes  the  individuals  are  elongated  in  tne  direction  of 
the  vertical  axis  and  more  or  less  idiomoi*phic  in  the  prismatic 
zone.  The  forms  recognisable  are  (110),  (010),  and  (100).  The 
orthopinacoid  (100)  is  always  conspicuous  when  any  trace  of 
form  is  present.  The  mineral  is  green  in  thin  section,  but  the 
tint  is  not  uniform,  the  marginal  portions  being  often  more 
deeply  coloured  than  the  central  parts.  The  maximum  ex- 
tinction is  about  40°.  All  the  above  characters  agree  with  those 
of  the  SBgirine-augite  known  to  occur  in  nepheline-bearing  rocks. 
The  white  patches  already  referred  to  as  occurring  in  the 
typical  borolanite  of  AUt  a'  Mhuilinn  undoubtedly  correspond 
to  the  pseudo-leucites  described  by  Derby,  Hussak,  and  J.  F. 
Williams  from  the  phonolites  of  Brazil  and  the  leucite- syenites 
of  Magnet  Cove,  Arkansas.  Under  the  microscope  these  patches 
are  in  all  cases  seen  to  be  aggregates.  They  are  principally 
composed  of  orthoclase  and  an  alteration  product  probably  after 
nepheline.  Micrographic  intergrowths  of  orthoclase  and  the 
alteration  product  are  not  unfrequent. 

In  the  majority  of  cases  the  rocks  are  massive  and  granitic  in 
structure,  but  in  some  instances  a  well-marked  foliation  may  be 
observed.  In  the  foliated  varieties  the  white  patches  have  been 
drawn  out  into  lenticles  and  streaks,  and  the  structure  both  of 
the  lenticles  and  of  the  matrix  is  then  granulitic. 

The  rock  most  nearly  allied  to  borolanite  is  unquestionably  the 
*' leucite-syenite ''  from  the  igneous  complex  of  Magnet  Uove, 
Arkansas,  described  by  the  late  J.  F.  Williams.*  This  rock  is 
described  by  Williams  as  **  a  hypidiomorphic  granular  combina- 
tion of  pseudo-leucite,  eleolite,  orthoclase,  and  basic  silicates, 
which  presents  a  more  or  less  perfect  granitic  stmcture,  and  is 

fenetically  connected  with  the  eleolite-syenite  dike-rocks." 
he  pseudo-leucites  are  composed  mainly  of  orthoclase  and 
nepheline,  as  were,  in  all  probability,  those  of  borolanite,  but 
they  are  more  perfect  in  form.  The  ground  mass  of  the  leucite- 
syenite  consists  principally  of  eleolite,  melanite,  and  orthoclase. 
A    green    })yroxene,    biotite,    and    sphene    are    also    present. 

♦**The  Igneous  Rocks  of  Arkansas,''  Annual  Report  of  (he  Geological 
Survey  of  Arkansas  for  1890^  vol.  ii. 
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Idekiiile,  according  to  Williams,  "'  is  found  iti  varjiiig  quanti- 
ties in  the  different  specimens.  In  some  it  is  almost  entirely 
wanting,  while  in  others  it  is  very  abundant.  It  is  of  a  rich 
brown  01' yellowish-browu  colour,  decidedly  zonal  in  ita  structure 
and  isotropic  in  its  optical  characters,  ...  In  some  oases 
I  moH'  than  half  the  area  enclosed  within  the  boundaries  of  the 

section  consist  of  melanite  material."     This  description  leaves 
no  doubt  that  these  portions  of  the  "  leucite-syenite  "  of  Magnet 
I  Cove,  which,  by  the  way,  contains  no  leucite,  are  practically 

L  identical  with  the  borolanite  of  Assynt. 

Outside  the  plutonic  area  of  Cnoc  ua  Sroine  and  its  immediate 
I  vicinity,  the  only  district  in  the  North-West  of  .Scotland  where 

[  rocks  allied  to  borolanite  are  known  is  in  the  Coigach  district  of 

I  West    Ross-shire,     about    five     miles    to    the    north-west    of 

I  Achiltibuie  and  about  seventeen  miles  slightly  south  of  west  of 

'  Cnoc  na  Sroine*.       Here  the  inte  W.  Gunn  found  two  vertical 

'  dykes  of  a  jteculiar  rock  intrusive  in  Torridon  Sandstone.     The 

I  rock  ia  of  medium  grain,  browni-sh-grcy,  and  massive.     Lath- 

1  shaped  cleavage  faces  of  felspar  mav  be  seen  with  the  unaided 

f  eye,  and  numerous  black  specks  (melanite)  with  the  assistance  of 

^  a  lens. 

Under  the  microscope  the  rock  is  seen  to  be  composed  of  ortho- 
clase,  nepheline  and  its  alteration  products,  mflanite,  legirine, 
and  biottte.  The  main  mass  is  an  aggregate  of  orthoclase  and 
nepheline  or  its  alteration  product.  Melanite  is  scattered 
through  the  orthorlase-nepbeline  aggregate  in  small  idiomorphic 
crystals,  which  usually  consist  of  a  deeply-coloured  nucleus  sur- 
rounded by  a  pale  e^^ternaL  ^oae.  iSgfrine  occurs  in  long 
slender  prisms,  which  are  idiomorphic  in  the  prismatic  zone. 

•  A  remnrkfiblo  fnliated  rock,  essentially  composed  of  nlkftli-felspnr. 
melanite,  regirine,  and  biotite,  occura  as  an  integral  portion  of  the  eiutcrn 
Highland  schists  at  a  |>oint  half  a  mile  east-south- east  of  Deny  Lodge,  At)er- 
deen.     An  analysis  by  Dr.  Pollard  gave  the  following  result : — 

SiO, 61-79 

TiO, -90 

AUO, lfi-90 

Fe,0, 310 

FeO 107 

MnO ■!» 

CaO 244 

MgO -90 

K,0 GJW 

Na,0 526 

P.O. M 

H,0  at  106°    ....  14 

H,0  alwve  106°       ...  "29 

IfWjtg 

This  rock  has  been  referred  to  (Suinnwi-i;  of  Frngj-eit  fm-  1901,  p.  160)  as 
regirine-pranulite.  It  is  allied  in  chemical  and  min  em  logical  coii]|>osition  to 
the  melanite -syenites  of  Asnynt,  and  if  of  the  same  age,  which  is  of  coune 
doubtful,  it  would  prove  that  the  crystalline  schists  of  the  eastern  Highlnndi! 
are  in  part  at  least  of  post-Cambrian  date. 
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The  rock  of  the  dykes  contains  less  melanite  than  the  typical 
borolanite  of  AUt  a'  Mhuilinn,  from  which  it  differs  also  in  con- 
taining unaltered  nepheline  and  segirine. "  An  analysis  of  this 
rock  by  Mr.  J.  Hort  Player  is  given  below  side  by  side  with  an 
analysis  of  the  **  leucite-syenite  "  of  Magnet  Cove:  — 


I. 

n. 

SiO,     . 

47-8 

60-96 

AUO, . 

201 

19-67 

FcOa . 

6-7 

7-76 

FeO     . 

•8 

— 

MgO    .        . 

11 

0-36 

CaO     . 

5-4 

4-38 

Na,0  . 

5-6 

7-96 

KcO    . 

71 

6-77 

H,0(lg.)     .        . 

2-4 

1-38 

TiO,    . 

•7 

-62 

SOa      .         .         . 

•4 

MnO    . 

•5 

tr. 

BaO     .         .        . 

•8 

CI         .        .        . 

— 

•26 

99-3 


100-01 


I.  Borolanite  dyke,  Camas  Eilean  Ghlais. 
n.  **  Leucite-syenite,"  Magnet  Cove.    Analysis  by  Noyes. 

The  borolanite  of  the  low  crag  close  to  the  main  road  and 
immediately  east  of  AUt  a'  Mhuilinn  is  traversed  by  a  coarse- 
grained pegmatite  composed  of  orthoclase  and  an  alteration  por- 
duct,  presumably  after  nepheline.  The  orthoclase  is  in  thick 
tables  with  conspicuous  development  of  the  clino-pinacoid,  and 
the  individuals  often  measure  an  inch  or  more  across.  The 
alteration  product  is  either  white  or  pale-blue.  It  shows  aggre- 
gate polarisation,  and  is  decomposed  by  hydrochloric  and 
sulphuric  acids,  with  the  separation  of  gelatinous  silica  and  the 
evolution  of  bubbles.  The  white  substance  has  been  separated 
and  analysed  by  Dr.  Pollard  with  the  following  result:  — 


SiO, 

43-36 

Al,(),      . 

31-93 

Fe,0, 

•78 

CaO 

1  -63 

MgO 

•28 

K,0 

6.16 

Na,0 

8  03 

Li,0 

•15 

CO, 

•57 

SO, 

1-67 

H,0  (105) 

•38 

H3O  (above  105^) 

6-47 

• 

100-30 

The  state  of  oxidation  of  the  iron  was  not  determined. 

A  trace  of  manganese  is  present.  The  principal  result  of  the 
alteration  of  the  nepheline  has  been  the  removal  of  a  considerable 
amount  of  soda  and  the  introduction  of  water.     The  presence  of 
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sulphuric  acid  is  remarkable,  and  mggests  the  presence  in  the 
oripinal  rcDclc  of  a  miueral  of  the  Hauyn  group.  Chlorine  was 
looked  for  but  not  {ound. 

The  presence  of  this  pegmatite  in  the  borolanite  is  of  consider- 
able interest  in  connection  with  the  discovery  of  a  boulder  of 
true  nepheline-aj-enite-pegmatite  br  Mr.  Hinxman  on  the  east 
slopes  of  Coul  More,  about  five  miles  west  of  Cnoc  na  Sroine,  and, 
therefore,  in  the  direction  of  the  movement  of  the  ice  of  the 
glacial  period.  The  boulder  njeasartd  9  s  5  x  4  inches.  Its 
component  minerals  are  orthoclase,  nepheline,  and  wgirine. 
The  individuals  of  orthoclaae  arc  of  «  dull,  dark,  purp!ish-grey 
colour,  similar  to  the  orihoclase  of  the  pegmatite  vein  above 
referred  to,  but  larger,  as  the  cleavWe  faces  sometimes  measure 
three  or  four  inches  across.  NepheKne  occurs  in  large  masses 
meKsuring  one  or  two  inches  in  diauieter.  Neither  of  these  two 
minerals  possesses  any  decided  superiority  over  the  other  so  far 
aB  idiomorphJBm  is  concerned.  jEgirine  is  present  in  Lhe  form 
of  long  slender  prisms,  sometimes  meaeuring  two  or  three  inches 
in  length  by  a  quarter  of  an  inch  in  breadth.  It  is  sharply 
idiomorphic  in  the  prismatic  zone  with  development  of  the  ortho- 
pinacoids  and  prismatic  faces,  and  it  pierces  alike  the  orihoclase 
and  the  nepheline.  In  view  of  what  is  now  known,  there  can 
be  no  doubt  that  this  boulder  was  derived  from  the  plutonic  com- 
plex of  Tnoc  na  Sroine :  otherwiss  it  might  well  have  been 
supposed  to  have  travelled  from  the  Christiania  district. 

From  the  description  already  given  of  the  rocks  of  the 
complex,  it  appears  that,  although  an  alteration  product  after 
nepheline  is  fairly  common  in  iln^  melanite-ayenites  and  boro- 
lanites  which  form  the  eastern  portion  of  the  mass,  fresh 
nepheline  ia  generally  absent*.  Great  interest,  therefore, 
attaches  to  the  occurrence  of  comparatively  imaltered  nepheline- 
^enite  on  the  north  side  of  Cnoc  na  Sroine,  at  the  base  of  the 
slopes,  and  on  the  south  side  of  the  Ledbeg  River,  There  are 
no  lar^  continuous  exposures  of  this  rock.  It  occurs  in  bosses 
protmding  through  the  peat  half  a  mile  south-east  of  Loyne 
shepherd's  house. 

The  best  specimens  of  nepheline-^enite  may  be  obtained  from 
coarse-grained  hands  measuring  only  one  or  two  inches  in  width, 
and  traversing  in  a  more  or  less  horizontal  direction  a  finer 
grained  nepbeline-melanite-syenite  or  borolanite.  The  bands 
do  not  appear  to  be  separate  intrusions,  but  merely  coarse-grained 
portions  in  which  there  are  fewer  dark-coloured  constituents 
(melanite  and  biotite).  Taking  a  specimen  (3095)  as  a  type,  the 
weathered  surface  is  seen  to  be  rough,  owing  to  the  more  rapid 
weathering  of  the  nepheline,  which  has  a  dull-green,  waxy 
appearance.  The  alkali -felspar  is  present  in  flat  tables  with 
conspicuous  development  of  the  clino-pinacoid,  and  the  crystals 
are  often  twinned  on  the  Carlsbad  plan.  Under  the  microscope 
the  rock  is  seen  to  be  composed  of  nepheline  and  at  kali-felspar, 
specimeD  containing  fresh  nepheline  ne&r 
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in  approximately  equal  proportions,  with  a  greenish  biotite  and 
melanite  as  accessones.  Both  felspar  and  nepheline  are  present 
a9  large  individuals,  measuring  half  an  inch  or  more  across. 

The  principal  varieties  of  the  main  plutonic  mass  and  its 
satellites  have  now  been  described,  and  it  remains  only  to  notice 
one  or  two  exceptional  types. 

A  coarse-grained  pegmatitic  variety  of  acmite-granite  may  be 
observed  above  the  bridge  over  the  Ledbeg  River  near  Ledmore 
Lodge.  The  constituents  are  quartz,  microcline,  albite  or  oli^o- 
clase-albite,  and  acmite,  with  pyrite  as  an  accessory.  Acmite 
occurs  in  long  slender  prisms.  The  pleochroism  is  faint  and 
of  the  following  type : — X,  brown ;  Y,  yellow ;  and  Z,  brownish- 
yellow.  Close  to  the  above  is  another  striking  rock  composed 
of  pink  orthoclase  and  a  dull  green  substance,  which  is  probably 
a  pseudomorph  after  nepheline.  The  individuals  of  orthoclase 
often  measure  an  inch  across.  Under  the  microscope  the  pseudo- 
morphs  are  seen  to  be  confused  aggregates  of  minute  mica-scales, 
closely  resembling  the  so-called  liebenerite  from  the  well-known 
liebenerite- porphyry  of  the  Fleimser  Thai  in  the  Tyrol. 

About  one-third  of  a  mile  S.S.W.  of  Ledmore,  in  a  small  burn 
which  runs  into  the  Ledmore  River,  there  occurs  a  small  ex- 
posure of  melanite-pyroxenite.  It  is  a  coarse-grained  dark  rock, 
mainly  composed  of  green  pyroxene,  biotite,  melanite,  black 
iron-ores,  and  pyrite.  This  is  the  most  basic  phase  of  the  boro- 
lanite  magma  known  (specific  gravity,  3.45-3.56). 

A  brief  summary  of  the  results  of  the  petrographical  examina- 
tion of  the  plutonic  complex  and  its  satellites  will  now  be  given. 
The  principal  constituents  of  the  different  varieties  of  rock  may 
be  classed  as  follows :  — 


Cohyurless, 

Coloured. 

Quarte. 

Melanite. 

Orthoclase. 

Biotite. 

Microcline. 

.^Egirine-augite. 

Albite  or  oligoclase-albite. 

-^^Jirine. 

Nepheline, 

The  red  rocks  of  Cnoc  na  Sroine  and  the  pegmatite  with 
pseudomorph s  after  nepheline  are  almost  entirely  free  from 
coloured  constituents,  whereas  the  pyroxenite  is  almost  entirely 
composed  of  them.  Between  these  two  extremes  there  is  a 
regular  gradation  when  the  whole  area  is  taken  into  considera- 
tion, and  the  most  striking  differences  are  seen  to  be  due  to  a 
variation  in  the  relative  proportions  of  the  coloured  and  colour- 
less constituents. 

Special  interest  attaches  to  a  comparison  of  the  colourless 
constituents  found  in  the  different  kinds  of  rock.  In  the 
quartzose  rocks  no  trace  of  the  existence  of  nepheline  is  ever 
found :  nearly  the  whole  of  the  soda  is  present  in  albite  or  oligo- 
clase-albite. In  the  quartz-less  rocks  nepheline  or  its  alteration 
product  is  often  present,  either  with  or  without  a  soda-felspar. 
As  the  amount  of  nepheline  or  its  alteration  product  increases, 
the  amount  of  soda-felspar  diminishes,  and  finally,  in  the  boro- 
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laaite  and  neptelme-syenite-pegmatite,  orthwlase  is  the  only 
felspar  present.  These  facts  of  paragenesis  are  strictly  in  accord- 
ance with  what  might  be  anticipated  fiom  the  composition  of 
the  mineralfi.  In  albite  the  ratio  of  Na,0  :  Al^O,  :  SiOj  is 
1:1  :6,  in  nepheline  it  is  1:1:2.  When  silica  is  in  excess, 
albite  or  oligoclase-albite  is  formed  to  the  exclusion  of  nepheline. 
When  it  is  less  than  that  required  for  the  ratio  1:1:6,  but 
greater  than  that  required  for  the  ratio  1:1:2,  alhite  and 
iiepholiiie  may  coexist ;  when  it  is  not  greater  than  that  required 
for  the  ratio   1:1:2.   nepheline  alone  is  formed. 

The  facts  observed  are  in  complete  agreement  with  the  prin- 
ciples laid  down  by  Profe*isor  Iddings  in  his  paper  on  the 
■'  Chemical  and  Mineral  Relationships  in  Igneous  Rocks."* 

In  view  of  the  frequent  occurrence  of  anorlhoclase  in  rocks 
which  are  more  or  less  allied  to  those  under  consideration,  it  has 
been  looked  for,  but  no  evidence  of  its  existence  has  been  found. 
The  potash- felspar  appears  to  be  in  all  cases  orthoclase  or  micro- 
cline;  at  the  same  time,  it  should  be  noted  (hat  micro-pert  bite 
IS  not  uncommon. 

The  orthoclase  and  nepheline  of  (he  Imuldor  of  nepheline- 
syeuite-pegmatite  found  on  the  slopes  of  C'ou!  More  have  been 
isolated  and  analysed  by  Dr.  Pollard:  — 


sio;    -     - 

A1,0,     - 
Fe,0,    -       - 

Orthodiae. 
6.3-84 

18-87 
■68 

itepkflvne. 
-        .        44-37 
32-00 
1-53 

K,0       '- 
Nft.O      - 
H,0 105"             1 
H,0  above  105"  / 

8p.  Gr.  2-m 

14-76 
1-23 
-30 

99-86 
5-2  510 

-        -          6-72 

1400 

(     11 

■        ■      \     -87 

100-57 
2-60-2-68 

The  one  mineral  which  is  present  in  all  the  rocke  of  the  dis- 
trict is  orthoclase.  It  is  found  in  the  most  acid  granites,  and  is 
not  entirely  absent  from  the  most  basic  pyroxenite.  Between 
the  granite  and  the  pvroxenite  are  many  intermediate  varieties, 
which  may  be  conveniently  designated  by  such  terms  as  syenite, 
nepLeline-syenite,  melanite-syenite,  melanite-biotite-syenite, 
augite- syenite,  and  borolanite.  The  basic  rocks  occur  on  the 
margins  of  the  main  mass  and  in  the  outlying  satellites. 


it.  SUls  and  Dykes. 

The  phase  of  minor  intrusions  is  represented  by  innumerable 
sills  and  a  few  dykes.     Their  distribution  is  well  shown  in  the 

'Journal  of  (ht^j,  1898,  p.  219. 
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one-inch  Sheets  101  and  107,  and  Inchnadamff  forms  a  ^ood 
centre  from  which  they  may  be  examined.  On  the  one-inch 
maps  the  sills  and  dykes  are  represented  as  felsite  and  diorite; 
but  for  purposes  of  description  it  is  convenient  to  recognise  three 
main  groups — felsites,  porphy rites,  and  vogesites  or  spessartites 
(diorites  on  the  map). 

Felsites. — The  most  acid  rocks  are  usually  pink,  more  rarely 
green,  in  colour  and  felsitic  in  texture.  Sometimes  phenocrysts 
of  alkali-felspar  are  present,  sometimes  absent.  Quartz  is  not 
present  in  porphyritic  crystals,  although  the  analyses  show  a  con- 
siderable excess  of  silica.  Ferro-magnesian  minerals  form  an 
insignificant  portion  of  the  mass,  and  when  recognisable  are 
usuaJly  represented  by  segirine. 

iEgirine-felsites  are  well  represented  by  a  sill  or  dyke  travers- 
ing the  quartzite  of  the  north  shoulder  of  Cnoc  an  Droighinn, 
about  a  mile  north-east  of  InchnadamfE  Hotel,  in  a  north-east 
and  south-west  direction.  The  average  breadth  of  the  exposure 
i<<  about  30  or  40  feet.  The  main  mass  of  the  intrusion  is  a 
normal  pink  felsite,  but  on  the  north-west  side  the  rock  assumes 
a  green  colour,  and  in  this  variety  minute  needles  of  grass-green 
tegirine  may  be  recognised  with  a  lens.* 

Under  the  microscope  the  green  variety  (2324)  is  seen  to  be 
composed  of  polysynthetic  aggregates,  representing  original 
porphyritic  alkali-felspars,  streaks  of  micro-crystalline  quartz, 
and  a  crypto-  or  micro-crystalline  felspathic  matrix,  crowded 
with  acicular  microlites  of  segirine.  Similar  microlites  occur  in 
the  polysynthetic  aggregates,  just  as  they  do  in  Professor 
Br5gger  s  typical  Grorudite,  but  they  are  far  less  numerous  than 
in  the  matrix,  where  they  are  often  so  thickly  crowded  together 
as  to  form  a  felt-like  mass.  The  larger  microlites  are  green,  but 
the  smaller  ones  are  colourless ;  both  show  the  characteristic 
optical  properties  of  regirine  when  isolated  from  the  matrix. 
This  rock  was  analysed  by  Dr.  Pollard  with  the  following 
result: — 


SiOa 

- 

76-20               1 

2450 

TiO, 

- 

•12 

0015 

Al,03      -        - 

- 

12-65 

1238 

Fe^Oc     - 

- 

153 

0095 

FeO 

- 

•28 

•0039 

MnO       - 
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•10 

0014 

CaO 

- 

•60 

•0107 

MgO        -        - 

- 

•26 

•0064 

K,0 

- 

414 

•0439 

Na,0      - 

- 

6^67 

•0913 

H,0  (106")       - 
H,0  (above  105°) 

:} 

i 

•12 
100-67 

•0066 

^  In  a  paper  on  '*  Nepheline-syenite  and  its  Associates  in  the  North- West 
of  Scotland"  (Geol.  Mag.,  1900,  pp.  38^-392),  the  locality  of  this  green 
felsite  is  given  as  Poll  an  Droighinn.  This  is  a  mistake.  It  is  not  exposed 
in  the  bum  but  on  the  hill,  Cnoc  an  Droighinn,  to  the  west  of  the  bum. 

e2 
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From  these  figures  we  get  the  following  composition  of  f 
rock* :  — 

K,  Al,  Si,  O,,     -        -        -  84-64 

N«,A1,  Si,0„  -        .        .  42-08 

Na,  Fo,  8i.  0,.  •                -  4-41 

SiO. 28-0* 


The  ratio  of  ortholcase  to  albit*  is  therefore  1  :  1'82. 

Another  specimen  of  acid  felsite  from  a  burn  a  quarter  of  a 
mile  north  of  the  top  of  Sgounan  More  (8370)  consists  of 
numerous  phenocrysts  of  pink  felspar,  usually  giving  rectangular 
sections  about  a  quarter  of  an  inch  across,  embedded  in  a  com- 
pact light-grey  felsitic  matrix.  Under  the  microscope  the 
phenocrysts  are  seen  to  consist  of  intergrtiwths  of  albite  and 
oHhoclase  similar  to  those  often  present  in  the  plutonic  mass  of 
Cnoc  na  Sroine.  The  ground  mass  is  a  micro-  or  crypto- 
crystalline  aggregate  of  alkali -felspar  and  quartz,  together  with 
a  few  minute  ragged  prisms  of  legiriiie. 

and 


The    porphyritic    felspars    and    matrix    were    separated 
analysed  hy  Dr,  Pollard:  — 

For 
SiO,    -       - 
A1.6,-       - 
Po,0. 
FeO    .        - 
CrvO    - 

phyritic  FeUp 
66-73 
19'05 

)    •««} 

trace. 

ar.          Matrix. 

74-41 

-       14-72 

1-17 

•17 

■      tnwa. 

Na,0  - 
H,0  (185> 
H,0  (nbove  lOfi" 

659 
-17 
■20 

5-82 
■06 
-26 

100:29 

10063 

Orthoclaso  - 

Albite 

Silica 

37M 

56-41 

-  23-64 

-  49-36 

-  25-15 

96-04  9615 

The  ratio  of  orthoclase  to  albite  is  therefore : — 


The  felspars  ore  thus  seen  to  be  intergrowths  of  albite  and 
orthoclase  having  the  composition  of  Professor  BrOgger'a  crypto- 
perthite.t 

PoEPHTRiTEg. — The  most  striking  rock  belonging  to  this  group 
\i  the  ao-called  Canisp  porphyry.       This  is  a  handsome  rock 

*  Leaving  unaccounted  for  TiO,  -12,  FoO  -28,  MnO  '10.  MjrO  "26,  Na.O 
■12,  CaO  -60,  H,0  12. 
t  Zeit.f.  Kryit,  1890,  p.  529. 
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composed  of  large  tabular  crystals  of  oligoclase-albite,  measuring 
half  an  inch  or  more  in  their  largest  diameter,  embedded  in  a  red 
ground-mass.       Brick-red  crystals  of  orthoclase  are  sometimes 

E resent.  Under  the  microscope  aegirine-augite  and  biotite  may 
e  recognised  as  minerals  of  primary  consolidation.  The 
eround-mass  is  a  micro-crystalline  aggregate  of  quartz  and  turbid 
felspar.  The  porphyritic  felspars  from  this  rock  were  analysed 
by  Dr.  Heddle,  and  his  analyses  show  that  the  orthoclase  con- 
tains but  little  soda  (1.69  per  cent.)  and  the  plagioclase  but  little 
potash  (1.13  per  cent.).  The  plagioclase  corresponds  to  Ab^  An^ 
and,  like  that  of  the  more  acid  rocks  belonging  to  the  Cnoc  na 
Sroine  complex,  is  closely  allied  to  albite. 

The  other  members  of  the  porphyrite  group  all  contain  horn- 
blende, and  in  this  respect  are  allied  to  the  vogesites  and 
spessartites  of  Professor  Rosenbusch.  They  occur  abundantly 
in  the  Assynt  district,  and  typical  examples  may  be  obtained  at 
Loch  nan  Cuaran,  at  the  head  of  AUt  Tol  na  Droighinn  (three 
miles  north-east  of  Inchnadamff).  The  most  usual  type  (9934) 
c(>nsists  of  numerous  small  phenocrysts  of  oligoclase,  rarely 
measuring  more  than  a  quarter  of  an  inch  across,  and  still 
smaller  phenocrysts  of  hornblende,  embedded  in  a  dark-grey 
matrix.  The  phenocrysts  of  oligoclase  may  be  either  white  or 
red,  and  they  form  about  one- third  of  the  entire  mass  of  the 
rock ;  under  the  microscope  they  sometimes  show  zonal  structure, 
but  the  successive  zones  do  not  differ  markedly  in  optical 
characters,  and  the  average  composition,  as  proved  by  specific 
gravity,  is  that  of  oligoclase.  The  crystals  of  hornblenae  are 
sharply  idiomorphic  and  green  in  colour.  The  secondary 
minerals  arising  from  the  alteration  of  hornblende  are  epidote 
and  chlorite.  The  felspars  not  unfrequently  contain  numerous 
minute  scales  of  secondary  mica.  The  ground-mass  is  a  micro- 
crystalline  aggregate  of  quartz  and  felspar. 

The  following  analysis  of  one  of  these  oligoclase-homblende 
porphyrites,  which  is  intrusive  in  quartzite  at  the  base  of  Beinn 
an  Fhurain,  has  already  been  published*:  — 

SiO, 63-41 

AlaO, 16-92 

Fe,0, 2-67 

FeO 2-96 

CaO 4-32 

MgO 2-08 

Na^O 5-18 

K,0 2-36 

Ig -64 


100-64 


Special  interest  attaches  to  the  above  type  of  porphyrite  from 
the  fact  that  it  occurs  in  intimate  association  with  Moine-schists 
on  the  shore  of  Loch  Broom,  at  Lech  Melm  Wood,  near  UUa- 

*  "  Notes     on    some    Hornblende-bearing  Rocks  from   Inchnadampff." 
J.  J.  H.  Teall,  OeM,  Mag.,  1886,  p.  346. 
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pool.  As  many  as  a  dozeu  bands  of  more  or  less  foliated  rock 
may  here  be  seen  alternating  with  dark-cotoured  platy  mica- 
schist  of  tj-pical  Moine  character.  The  bands  vary  from  a  foot 
to  an  incS  in  thickness.  The  phenocrysta  of  plagioclase  stand 
out  prominently  on  the  weathered  surfaces,  and,  in  the  markedly 
foliated  varieties,  give  the  rock  somewhat  the  appearance  of  a 
fine-grained  "  angen  gneiss."  Tiie  phenocryata  of  oligoclase  are 
precisely  similar  to  those  of  the  normal  porphyrite,  but  the  matrix 
w  different.  It  is  a  foliated  aggregate  of  alkali- felspar,  quartz, 
opidote,  and  biotite.  The  igneous  and  the  sedimentaiy  rocks 
have  been  simultaneously  iiffeefed  by  powerful  movements,  and 
possess  a  common  foliation. 

VOGESiTES  AND  Spessartites. — The  dark  basic  sills  which  are  eo 
common  in  the  dolomites  of  the  Assyut  district  were  originally 
termed  diorites,  and  have  been  so  mapped.  They  consist 
essentially  of  idiomorphic  green  hornblende  and  two  felspars. 
A  pale-coioured  pyroxene  is  often  present,  and  is  sometimes  as 
abundant  as  the  hornblende.  Apatite  and  magnetite  occur  as 
accessories;  carbonates,  chlorite,  and  epidote  a.s  secondaiy  con- 
stituents. Orthoclase  and  plagioclase  are  both  present,  but  the 
condition  of  the  rocks  is  such  as  to  make  it  extremely  dilficult  to 
determine  which  of  (he  two  predominates,  and,  therefore,  to 
separate  the  vogesites  from  the  spessartites  in  accordance  with 
the  classification  proposed  by  Professor  Rosenbusch  for  rocks  of 
this  type. 


Since  thb  doecription  of  borolanite  And  it«  osBocUtee  waa  WTitt«n,  an  im- 
portant psper  bj  Dr.  J.  Shsnd — "Uefaor  Borolanit  und  die  Geeteine  dea 
Cnoc  na-Sroine  Maasiva  in  Nord-8chottland  "—  haa  appeared.  {Neuef  Jnkr. 
f.  Min.,  etc.,  Beilago  Band  Txii.,  1906,  p.  413.)  In  this  paper  the  author 
classifies  the  rocks  as  follows ; — Quartz-syenite,  quartz-free  syenite  and 
pegmatite,  nepheline- syenite,  nepheline-augite-pegmatite,  borolsnite  and 
leucit«-borolanite,  nepheline-burolanibe,  augite-sudalite- syenite,  a^iiiae- 
syenite,  aeitirine-felaite  and  pyroionite. 

He  describes  the  rocks  in  detail,  and  records  the  presence  of  sodalita  in 
quarte-free  syenite,  nepheline-augite-p^tniatite,  boroWite  and  leucite-boro- 
lanite.  He  baa  carefully  studied  the  )>eculiar  intei^rowths  of  orthoclase  and 
a  second  mineral  to  which  reference  bos  been  made,  and  haa  arrived  at  the 
conclusion  that  the  second  mineral  whs  originally  sodalite,  not  nepheline,  as 
Burarested  above. 

TnerB  are  many  other  points  of  interest  in  the  paper,  but  these  are  the 
moat  important  in  which  the  author  adds  bo  or  differs  from  the  Ht«t«inentB 
made  in  this  chapter. 


CHAPTER  XXXI. 

CONTACT   METAMOEPHISM   OF   THE   CAMBRIAN 
DOLOMITES  AND  LIMESTONES.* 

■ 

The  rocks  of  the  Cambrian  Calcareous  series  have  undergone 
important  alterations,  both  in  Assynt  and  in  Skye,  as  a  result  of 
the  intrusion  of  igneous  rocks.  In  Assynt  the  effects  are  due 
to  the  granite,  quartz-syenite,  augite-syenite,  nepheline-syenite, 
and  borolanite,  which  together  make  up  the  plutonic  complex  of 
Cnoc  na  Sroine ;  in  Skye  they  are  due  to  igneous  rocks  of 
Tertiary  age.  The  following  account  of  this  metamorphism  has 
reference  mainly  to  the  phenomena  seen  in  the  Assynt  district, 
but,  as  those  of  Skye  are  similar,  some  reference  to  that  locality 
will  also  be  made. 

The  marbles  of  Assvnt  have  attracted  the  attention  of  many 
previous  writers  on  the  geology  of  the  district.  The  fullest 
description  of  them  which  has  hitherto  appeared  is  that  by  Dr. 
Heddle  in  his  papers  on  the  Geognosy  and  Mineralogy  of  Scot- 
landt,  to  whicn  reference  has  been  made  in  Chapter  XXIX. 
This  author  gave  particulars  as  to  their  distribution,  structure, 
and  composition,  and  arrived  at  the  conclusion  that  the  marble 
is  a  metamorphosed  dolomite — a  conclusion  which  the  detailed 
mapping  of  the  ground  by  the  Geological  Survey  has  fully  con- 
firmed. He  also  observed  that  **  the  localities  where  the 
marble  occurs  lie  round,  and  nowhere  at  much  greater  distance 
than  a  mile  from,  the  quarta-porphyry  of  Cnoc  na  Sroine  or  from 
the  spurs  of  that  hill  '* ;  but  he  does  not  draw  the  obvious  con- 
clusion that  the  marbles  are  the  direct  result  of  the  action  of 
this  rock  upon  the  dolomite.  In  his  second  paper  he  gave  a 
detailed  description  of  a  peculiar  variety  of  the  marble  showing 
structures  which  were  identified  by  Dr.  Carpenter  as  being 
similar  to  those  of  the  Canadian  specimens  of  eozoon.  Calcu- 
lating the  lime  and  magnesia  soluble  in  *  *  moderately  strong  acid 
with  gentle  heat "  as  carbonates,  the  matrix  of  the  rock  showing 
the  structure  in  question  was  found  to  contain  46.307  of  car- 
bonate of  lime  and  37.632  of  carbonate  of  magnesia.  The  in- 
soluble residue  amounted  to  14.408  per  cent.,  and  consisted, 
according  to  Dr.  Heddle,  of  "rounded  crystals  of  malacolite, 
with  small  quantities  of  serpentine,  quartz,  margarodite,  and 

*  By  J.  J.  H.  TeaU. 
f  MinercUog.  Mag.,  vol.  iv.,  p.  242,  and  vol.  v.,  p.  271. 
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BMCnetite."  In  view  of  the  facts  to  be  stated  subsequently,  it  is  - 
It^^tly  probalile  tliat  the  rounded  crystaU  were  in  part  at  leasi 
lonterito,  not  sutlacolite,  and  ttie  prounce  of  quartz  is  somewhat 
donbtfol ;  bni  the  analym  olearljr  prorea  that  the  material  con- 
tamed  a  oonsidenble  amount  of  magnenm  in  the  form  of  car- 
bonate, BO  donbt  present  as  dolomite.  Another  specimen 
analysed  W  Dr.  H«ddle  g^ve  &6.662  per  cent,  of  carbonate  of 
lime  and  39.942  per  cent,  of  carbcmate  of  magnesia,  along  with 
4.238  per  cent.  A  insolnble  residue,  said  to  cont^ist  entirely  of 
nannies  of  malaooUte.  An  analysis  of  the  marble  of  Ledbeg  by 
us.  Anderson  gave  the  following  result:— 

Ctobomta  of  linM     -  91-32 

OvboiMte  of  Hagneu      -  474 

Almnrnk,  Ferrie  Oxide,  Ae.  •% 


It  will  be  noted  that  Dr.  Andetwn's  specimen  contained  much 
more  carbonate  of  lime  than  the  two^specimetia  analysed  by  Dr. 
Heddle.  In  his  description  of  the  microscopic  sections  of  the 
rook  showing  eoioonal  stmoture, Dr.  Heddle  ncnnls  the  presence 
of  a  fibrous  mineral  which  he  B<anewhat  doubtfully  refers  to 
M  wollastoniie,  and  a  partially  Berpentinised  ovoidal  mineral 
idlich  he  iwbxAb  as  malacolite.  The  nbrons  mineral  was  probably 
bmoite  and  the  oroidal  mineral  farsterite.  The  results  of  the 
examination  of  the  Snrrey  specimens  will  nov  be  given. 

MlNERAi^  OF  THE  ALTERED  BocRS. — The  altered  rocke  of  As^nt 
which  have  been  invaded  by  the  plutonic  complex,  described  in 
the  foregoiug  chapter,  contain  the  following  minerals: — Calcite, 
dolomite,  brucile,  diopside,  forsterite,  serpentine,  mica,  and 
tremolite.  The  same  minerals  occur  in  the  corresponding  rocks 
from  Skye,  together  with  a  violet  spinel.  Mr.  Harker  has  also 
observed  idocrase  and  garnet  in  the  immediate  neighbourhood  of 
the  Tertiary  igneous  rocks  of  the  Broadford  district. 

In  the  microscopic  examination  of  the  altered  rocks  it  bas 
been  found  impossible  to  distinguish  between  Calcite  and  Dolo- 
mite in  any  other  way  than  by  the  Lemberg  staining  test.  This, 
however,  is  decisive  and  therefore  invaluable.  Both  mineralB 
are  usufdly  present,  but  in  very  different  proportions  in  different 
cases. 

Next  to  carbonates,  Brucite  is  perhaps  the  most  common 
mineral.  It  is  present  in  several  specimens  both  from  Assynt 
and  Skye.  The  specimen  selected  for  the  determination  of  this 
mineral  came  from  the  Ledbeg  Kiver  (9208),  about  half  a  mile 
E.S.E.  of  Loyne  shepherd's  house.  The  rock  is  of  medium 
grain,  nearly  white,  and  effervesces  freely  with  dilute  acid.  The 
weathered  surface  is  extremely  rough,  owing  to  the  projection  of 
small  crystals  of  dolomite.  The  fractured  surface  when 
examined  with  a  lens  discloses  the  presence  of  light- coloured 
more  or  less  rounded  grains  (1  to  2  mm.)  iu  a  mass  of  white 
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carbonate.  Under  the  microscope  these  rounded  grains  are  seen 
to  consist  of  fibrous  or  scaly  aggregates,  which  often  show  a  kind 
of  plumose  arrangement,  and  give,  between  crossed-nicols,  the 
colours  of  the  first  order.  This  substance  has  all  the  characters 
of  a  pseudomorph.  The  larger  grains  above  referred  to  are 
generally  without  form,  but  smaller  grains  (.1  to  .2  mm.),  occur- 
ring in  the  same  slide  and  evidently  composed  of  the  same 
substance,  give  square,  triangulai*,  and  hexagonal  outlines  such 
as  are  characteristic  of  octahedra. 

An  attempt  to  isolate  the  mineral  from  the  carbonates  by  the 
action  of  dilute  acid  failed,  for  it  was  dissolved  as  readily  as 
dolomite,  and  almost,  if  not  quite,  as  readily  as  calcite.  A  per- 
forated cover  glass  placed  over  the  slide,  so  as  to  expose  a  por- 
tion of  one  of  the  larger  grains,  allows  the  action  of  dilute  acid 
on  the  substance  to  be  studied.  Sometimes  it  fades  away 
without  effervesence,  and  sometimes  one  or  two  bubbles  make 
their  appearance  when  the  acid  is  first  applied ;  but  there  is  no 
continuous  efEervescence  during  the  solution  of  the  mineral.  The 
solution  gives  an  abundant  precipitate  of  the  characteristic 
ammonio-magnesic  phosphate  when  tested  on  a  slide  for 
magnesia  in  the  manner  recommended  by  Behrens.  The 
mineral  may  be  isolated  in  a  state  of  tolerable  purity  by  the  aid 
of  any  heavy  solution  which  does  not  act  on  carbonates.  This 
has  been  done  by  Dr.  Pollard.  It  floats  in  a  solution  of  bromo- 
form  of  sp.  gr.  2.41.  The  grains,  when  treated  on  a  slide  with 
dilute  hydrochloric  acid,  behave  in  the  same  manner  as  those  in 
the  slide.  There  is  almost  always  a  slight  efEervesence  at  first, 
but  afterwards  the  mineral  fades  quietly  away.  Sometimes  the 
effervesence  can  be  distinctly  traced  to  specks  of  calcite  included 
in  the  mineral.  As  a  similar  mineral  occurring  in  the  predazzite 
of  the  Tyrol  has  been  referred  to  hydro-magnesite  (0.  Lenecek : 
Ueber  Predazzit  und  Pencatit.,  Min,  Mitth,  XII.,  1891,  429- 
456),  it  was  desirable  to  remove  all  doubt  as  to  its  nature.  The 
substance  (.2388g.)  isolated  in  the  manner  above  described  was 
accordingly  analysed  by  Ur.  Pollard  with  the  following 
results:  — 

SiO, -4 

MgO (>00 

CaO -8 

Loss  on  Ig.         -         -        -        -        31  '2 

99-8 

Calculating  the  loss  as  water,  this  gives  a  ratio  of  MgOrH^O 
as  1:1.06,  and  leaves  no  doubt  that  the  bulk  of  the  substance 
analysed  was  brucite.  The  amount  of  carbonic  acid  present  was 
not  estimated,  but  qualitative  experiments  proved  that  it  must 
have  been  very  slight.  Brucite  occurs  in  several  specimens  from 
Ledbeg  River,  and  also  from  Kilchrist  in  Skye.  The  specimens 
from  tne  latter  locality  bear  the  most  striking  resemblance  in 
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general  appearance  aud  miti-oscopic  character  to  specimens  of 
uio  typical  predazzite  from  the  Tyi'ol. 

In  the  paper  by  Lenecek  above  referred  to,  the  so-called  hydro- 
magnesite  is  regarded  as  a  pseudomorph  after  periclase;  do 
unaltered  periclase  has  been  found  in  the  metamorphosed  dolo- 
mites of  Asaynt  and  Skye,  but  the  octahedral  form  of  the  smaller 
grains  in  the  rock  from  the  Ledbeg  Kiver  is  uumistakeable,  and 
the  bmcite  is  therefore  vei-y  probably  a  pseudomorph  after  this 
mineral. 

The  normal  Pyroxene  of  the  altered  rocks  is  a  colourless 
Diopside.  II  is  often  aggregated  in  patches,  which  suggest  that 
it  has  been  formed  at  the  expense  of  (lie  cherts  occasionally  found 
in  the  dolomite  (6738,  Skye).  The  individual  grains  are  allotrio- 
morphic  with  respect  to  each  other,  hut  often  more  or  less  idio- 
morphic  with  respect  to  the  carbonate.  The  prismatic  faces  are 
then  well  developed,  and  the  clino-pinacoid  has  also  been 
identified.  The  characteristic  cleavages  are  strongly  marked, 
and  repeated  twinning  has  been  observed.  It  is  worthy  of  note 
that  the  normal  diopside  (CaO,  MgO,  2  SiOj)  can  be  formed  from 
dolomite  (CaO,  MgO  2C0^)  by  the  substitntion  of  silica  for 
carbon  dioxide.  The  presence  of  quartz  or  chert  in  the  original 
rock  will  therefore  supply  the  necessary  constituents  for  the 
formation  of  diopside  in  a  dolomite.  Moreover,  the  formation 
of  diopside  in  a  dolomite  does  not  involve  dedolomitisation. 

Some  rocks  of  exceptional  character  and  apparently  of  com- 
pound origin  occur  in  the  Ledbeg  River  about  400  or  500  yards 
north-east  of  Ledbeg  (four  and  a  half  miles  south  of  Inchna- 
damfF).  The  calcareous  members  of  the  series  from  this  locality 
(0203  to  9205)  contain  two  varieties  of  pyroxene;  the  one  a 
colourless  diopside  similar  to  that  already  referred  to,  the  other 
a  green  mineral  identical  with  the  legirine-augite  of  the  augite- 
syenites.  The  green  pyroxene  sometimes  forms  a  distinct  and 
sharply- defined  border  to  the  colourless  variety  (9205).  As 
both  field  and  microscopic  evidence  suggest  interaction  between 
the  igneous  and  sedimentary  rocks,  the  green  pyroxene  was 
isolated  from  its  matrix  of  calcite  (9203)  and  analysed  by  Dr. 
Pollard  with  the  following  result :  — 


aiO, 
TiO, 
A1.6, 

03  58 

tr. 

-8871 

1-32 

■0129 

Fe,0,       - 

9-« 

■0591 

FeO 

3-36 

■0467 

MnO 

■31 

■0043 

CaO 

16-82 

■3003 

MgO 

11-67 

■2891 

K.O 

■20 

■0021 

N»,0 

3-31 

■0633 

Lid,        . 

tr. 

Igmtion    - 

■73 

■0405 

Sp.  RT.  above  3*28 ;  'oOSZgr.  token  for  main  anHlysia,  '5g.  for  alkalies,  '329ie. 
for  FbO.    Ratio  of  CaO  :  MgO— 1-04  ;  1. 
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Assuming  the  following  molecules  to  be  present,  we  have :  — 

(NaK),  Fe,  Si,  O,,    -                -  2576 

FeFe,  Si,  Oi,   ....  176 

Fe  Al,  Si  O,       -        -        .        -  303 

CaMgSi,  O,      ....  6273 

CaMnFeSiOa  -        -        -        -  699 

SiO,         -        -        -        -  76 

H,0(lg.)        ...  73 

100  76 

This  analysis  reveals  the  presence  of  over  25  per  cent,  of  the 
characteristic  aegirine- molecule,  and  leaves  no  doubt  that 
material  has  passed  from  the  igneous  to  the  metamorphic  rock. 
But,  although  there  has  undoubtedly  been  some  interchange  of 
material  such  as  that  emphasised  by  Mr.  Johnston  Lavis,  this 
interchange,  so  far  as  the  rocks  under  consideration  are  con- 
cerned, appears  to  be  limited  to  the  immediate  neighbourhood  of 
the  junction. 

Foraiterite  and  Serpentine  derived  from  this  mineral  are  both 
common  in  the  altered  dolomites  of  Skye  and  Assynt,  but  there 
is  a  doubt  as  to  whether  all  the  serpentine  has  been  so  formed. 
In  the  specimens  from  Assynt  forsterite  always  occurs  in  ovoidal 
grains,  which  often  su<2;gest  the  form  of  olivine,  but  never  possess 
sharp  angles.  The  mineral  is  quite  colourless  in  thin  sections, 
and  frequently  shows  the  characteristic  alteration  to  serpentine 
along  irregular  cracks.  It  was  isolated  from  a  rock  occurring  on 
the  borders  of  the  Cnoc  na  Sroine  mass  (3099)  ^  and  analysed  by 
Dr.  Pollard  with  the  following  result :  — 

SiO, 42-2 

A1,0, -8 

Fe^Oa -5 

CaO -3 

MgO 67  0 

Ignition '3 

101  1 
Ratio  of  MgO  :  SiO,  =  2*02  : 1. 

It  is  important  to  note  that  the  formation  of  forsterite  in  a 
dolomite  must,  if  the  bases  be  retained,  be  accompanied  by  the 
development  of  calcite.  The  forsterite  in  question  was  embedded 
in  a  matrix  of  calcite.  In  the  above  analysis  the  state  of  oxida- 
tion of  the  small  amount  of  iron  present  was  not  determined,  and 
it  is  therefore  quoted  as  Ve.^  O^.  An  exceptional  variety  of 
forsterite  occurs  in  a  rock  about  half  a  mile  west  by  north  of  the 
outlet  of  Loch  Lonachan,  south  of  Broadford,  in  Skye  (6743). 
The  mineral  is  here  developed  as  thin  tables  bounded  by  planes, 
often  meeting  in  sharp  angles.  The  large  flat  planes  are  at  right 
angles  to  the  positive  bisectrix,  and  correspond,  therefore,  to  the 
macro-pinacoid,  on  the  assumption  that  the  optic  orientation  is 
the  same  as  that  of  normal  forsterite.  The  plates  measure  from 
1  to  3  mms.  across,  and  are  somewhat  elongated  in  the  direction 
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of  the  vertical  aiis,  but  not  markedly  so.  Their  thicfcness  is 
only  about  .1  mm.  They  arc  much  broken  up  by  cracks,  and 
readily  disintegrate  on  the  aiiplication  of  the  slightest  pressure. 
In  addition  to  the  macro-pinaeoid  (100),  which  ia  the  dominant 
form,  the  basal  plane  (001),  the  brachydome  (021),  and  the  prism 
(110)  probably  occur,  out  have  n<it  been  identified  with  absolute 
certainty. 

As  this  habit  is  so  different  from  that  of  the  for.tterite  usually 
found  in  altered  rocks  from  Assynf,  Sk\e,  Vesuvius,  and  else- 
where, the  mineral  was  isolated  and  nnalyi>ed  by  Br.  I'ollard  :  — 

SiO, «■« 

AI,6, IB 

ri>,o, i-B 

CiiO -6 

MgO 61-2 

Ignition 3*1 

The  total  iron  is  given  as  FbjOj,  but  the  state  of  oxidation  was 
not  determined.  The  ratio  MgO  :  SiO,  =  1'8  :  1.  Fluorine  was 
looked  for  but  not  found. 

The  SeiTieutiue  {9^11)  is  grL'enish-yellow  in  colour,  and,  like 
the  forsterite  from  which  it  is  in  most,  if  not  in  all,  cases  derived, 
is  invariably  associated  with  calcife.  In  the  course  of  the 
examination  of  these  rocks  a  doubt  arose  as  to  whether  some  of 
the  serpentine  may  not  have  originated  from  diopside.  A  rock 
from  Skye  (fiT83)  in  which  this  appeared  to  he  possible,  and 
which  crjnfaiiie<i  cores  of  the  parent  mineral,  was  accordingly 
selected  for  chemical  examination.  The  comparatively  iin< 
altered  substance  was  found  by  Dr.  Pollard  to  possess  the 
following  composition:  — 

SiO, 41-5 

A1,0, ■» 

Fe,0. 1-4 

C«0 -3 

MgO 66-6 

^tion 1-2 

100-9 

Ratio  of  MgO  :  SiO,  =  2:1. 

The  other  minerals  do  not  call  for  detailed  description.  Hica 
when  present  is  in  the  form  of  light-coloured,  silvery  scales,  and 
is  uniaxial.  It  is  rare,  and  has  been  noticed  only  in  one  or  two 
specimens.  Tremolite  is  also  comparatively  rare.  It  occurs  as 
slender  prisms  associated  with  calcite. 

Petboqbaphical  Characters  of  the  Altered  Bocks. — ^The 
minerals  above  mentioned  are  mixed  in  very  difibrent  proportions 
in  the  different  rocks.  Those  in  which  brucite  occurs  are  of  special 
interest,  because  they  belong  to  a  type  hitherto  unrecognised  in 
the  BritiBh  Isles,  though  long  known  as  predazzite,  from  the 
neighbourhood  of  Predozzo  in  the  Tyrol.    A  typical  specimen 
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of  this  rock  from  the  Ledbeg  River  (9208)  is  a  medium-grained, 
nearly  white  rock  composed  of  brucite,  calcite,  and  dolomite. 
The  brucite  aggregates  vary  in  size  from  about  .1  to  above  1  mm. 
in  diameter.  The  larger  grains  are  mostly  rounded  in  outline, 
but  the  smaller  ones  often  give  square,  triangular,  and  hexagonal 
sections,  which  strongly  suggest  the  conclusion  that  the  material 
is  a  pseudomorph  after  periclase.  The  carbonates  occur  as 
irregular  individuals  of  a  somewhat  larger  size  than  the  brucite. 
They  consist  of  calcite  and  dolomite  in  about  equal  proportions. 
Another  specimen,  also  from  the  Ledbeg  River  (3096),  is  a  dark- 
grey  crystalline  rock  composed  of  calcite,  dolomite  (scarce), 
brucite,  and  a  few  grains  of  serpentine  probably  after  forsterite. 

The  corresponding  rocks  from  Skye  occur  at  Kilchrist.  They 
are  very  fine-grained  or  compact,  and  are  sometimes  flecked  witn 
black  patches.  The  compact  white  or  cream-coloured  varieties 
exactly  resemble  specimens  of  predazzite  from  the  Tyrol  in  the 
Museum  of  Practical  Geology.  The  constituents  are  the  same  as 
in  the  rocks  from  Assynt,  the  principal  diflFerences  being  due  to  a 
fine-grained  texture,  and  the  occasional  presence  of  unaltered 
forsterite.  The  specimens  come  from  the  upper  quarry,  Kil- 
christ (6801  and  6802) ;  from  a  point  200  yards  south-east  by 
east  of  this  quarry  (7084) ;  from  a  quarry  close  to  the  south  angle 
of  the  glebe-fence,  Kilchrist  (7082) ;  and  from  a  point  500  yards 
W.S.W.  of  Kilbride  (7083). 

Rocks  mainly  composed  of  calcite  and  forsterite,  with  a  vary- 
ing admixture  of  dolomite,  sometimes  with  none  at  all,  occur 
both  in  Assynt  and  Skye.  A  specimen  (3099)  from  the  former 
district  is  a  fine-grained,  nearly  white  rock  composed  of  calcite 
and  forsterite  in  about  equal  proportions.  The  forsterite  occurs 
lu  colourless,  more  or  less  rounded  grains,  which  vary  in  size 
from  about  .2  up  to  1  mm.  in  diameter.  The  calcite  occurs  in 
large  ophitic  plates,  and  forms  the  matrix  in  which  the  grains  of 
forsterite  are  embedded.  The  forsterite  of  this  specimen  has 
been  isolated  and  analysed.  The  slight  loss  on  ignition  (3  per 
cent.)  shows  that  but  little  change  to  serpentine  has  taken  place, 
a  fact  fully  supported  by  the  microscopic  evidence. 

Another  type  of  rock  composed  of  calcite,  dolomite,  and 
forsterite  is  represented  by  a  specimen  (6743)  collected  by  Mr. 
Clough,  from  a  point  half  a  mile  west  by  north  of  the  outlet  of 
Loch  Lonachan  in  Skye.  In  this  case  the  forsterite  occurs  in  the 
form  of  thin  tables.  The  matrix  is  a  crystalline-granular  aggre- 
gate of  carbonates,  the  individuals  of  which  measure  from  .1  to 
.2  mm.  in  diameter.  Calcite  and  dolomite  cannot  be  dis- 
tinguished from  each  other  in  the  ordinary  microscopic  slide, 
but  after  staining  they  are  easily  separable.  It  is  then  found 
that  the  calcite  grains  are  grouped  around  the  forsterite-crystals, 
while  the  dolomite  occupies  the  interspaces.  This  relation  can 
be  explained  if  we  assume  that  the  original  rock  was  a  dolomite 
containing  some  silica,  either  in  the  form  of  chert  or  quartz,  and 
that  the  forsterite  has  been  formed  by  taking  the  magnesia  from 
the  dolomite  in  its  immediate  neighbourhood. 
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'Eha  ipeoiianu  oontaiiiiiig  calcite  aud  forsterite  are  connected 
with  tils  (^ihioalciteB  l^  tmuitiunal  forms.  li  the  specimens 
teita  Sk^e  we  coiuidered  along  with  those  from  Assynt,  a  fairly 
oontiBnoiu  series  can  be  mude  out  among  the  combined 
^Eimples<  The- apeoimen  from  the  base  of  Cnoc  na  Sroine 
(8099),  already  referred  to,  is  a  good  exam|)le  of  a  rock  esHentially 
eenLposedafcalQiteandioraterite;  a  second,  fioai  the  shore  north 
of  Oamat  Males,  Looli  Slafin,  iu  Skye,  shows  forsteritc  in 
Tszioiu  itases  in  alteration  to  Bi>rpeniine ;  a  third,  from  a  small 
qnUTjr  eoatn-eaBt  of  Kikhrist  (C804),  is  composed  of  alternating 
uyam  of  white  oaloite  and  neenish-yellow  serpentine  with  cores 
fA  nnaltraed  fonterita;  and  a  fourth,  from  near  the  Loch  Ailsh 
road,  east  of  AnltDaoallagacli,  Assynt  (9211),  is  a  true  ophi- 
'  ealeite  oonipoaed  of  owoite  and  yellowish-green  serpentine,  which 
ihowa  by  its  fonn  and  microecoiiio  structure  that  it  has  been 
deriTed  from  forsterite. 

A  specimen  from  a  quarter  of  u  mile  south-east  of  Suardal 
Farm,  Skye  (6788),  iUostrates  anniher  type  of  rock.  It  consists 
of  more  or  leas  rounded  lumps  i  it  white  djopside,  measuring  one 
or  two  inches  in  diameter,  embedded  in  &  dark-bluish  crystalline 
matrix.  The  forms  of  die  nodular  patches  suggest  that  they 
are  doe  to  the  presence  of  chert  in  the  original  dolomite.  Under 
the  miciosoope  the  ooostitaents  are  seen  to  be  diopside,  dolomite, 
calcite,  forsterite,  and  tremolite.  The  diopside  of  the  nodules 
is  idiomorphio  with  respect  to  dolomite,  which  is  seen  to  be 
direofly  moulded  upon  it.  Th<!  matrix  is  mainly  composed  of 
dolomite,  bnt  contains  also  calcite.  {orslerite,  and  tremolite; 
moreover,  the  calcite  is  directly  a-^soeiiitod  either  with  tremolite 
or  forsterite.  Thus  the  patches  of  calcite  either  surround 
crystals  of  forsterite  or  are  penetrated  by  prisms  of  tremolite. 
This  association  of  minerals  accords  with  the  view  that  the 
metamorphism  ha.';  been  accompaDied  by  dedolomitisation,  for 
the  development  of  forsterite  (2  MgO,  SiO'a)  and  tremolite  (CaO, 
3MgO,  4Si02)  in  a  siliceous  dolomite  mugt  be  accompanied  by 
the  formation  of  calcite,  if  the  alteration  is  brought  about  1^ 
simple  interchange  of  constituents  with  the  loss  of  carbonic  acid. 

In  addition  to  the  types  above  describeii,  the  aeries  of  speci- 
mens from  Assynt  and  Skye  includes  rocks  in  which  the  principal 
constituents  (calcite,  dolomite,  brucite,  forsterite,  tremolite,  and 
diopside)  are  mixed  in  different  proportions.  Some  are  banded, 
80  that  the  relative  proportions  of  the  different  minerals  may 
vary  in  a  hand  specimen  or  even  in  a  microscopic  slide. 

Some  exceptional  rocks  occur  in  the  immediate  neighbourhood 
of  the  contact  with  borolanite  and  augite- syenite  in  the  Ledbeg 
River  (9203-9207).  In  addition  to  colourless  diopside,  mica  and 
carbonates,  mainly  calcite,  these  rocks  contain  a  green  asgiriue- 
augite  identical  with  that  occurring  in  the  augite- syenite.  The 
green  pyroxene  is  aggregated  in  lumps  and  patches  in  a  matrix 
of  calcite  either  by  itself  (920^)  or  in  association  with  the  round 
colourless  diopside  (9206).  In  the  latter  case  it  forms  a  border 
to  the  colourless  variety.     One  specimen  of  the  series  deserves 
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special  attention  (9206).  It  is  a  mottled  dark-green  and  white 
rock  composed  of  calcite,  ortlioclase,  and  an  eegirine-augite. 
One  portion  of  the  specimen  consists  of  segirine-augite  and  ortho- 
clase,  the  other  of  the  same  augite  in  a  matrix  of  calcite. 
There  is  absolutely  no  difference  in  form,  size,  or  colour  between 
the  pyroxene  associated  with  the  calcite  and  that  associated  with 
the  orthoclase.  The  only  way  in  which  such  a  rock  can  have 
been  formed  is  by  a  most  intimate  blending  of  the  igneous  and 
sedimentary  material  accompanied  by  some  interchange  of  con- 
stituents. The  pyroxene-orthoclase  aggregate  is  coarse-grained, 
60  that  there  is  no  sign  of  chilling  at  the  contact  of  the  igneous 
rock  with  the  marble. 

Origin  of  the  Rocks. — The  field  relations  of  the  marbles  of 
Assynt  and  Skye  leave  no  doubt  that  they  are  the  result  of  the 
metamorphism  of  the  **  Durness  limestone  series  "  in  contact 
with  intrusions  of  various  igneous  rocks.  This  calcareous  series 
in  the  typical  locality  of  Durness  includes  both  dolomites  and, 
limestones,  but  the  former  appear  to  predominate  both  in 
Assynt  and  in  Skye.  Most  of  the  specimens  examined  accord 
with  the  theory  that  they  are  metamorphosed  dolomites  contain- 
ing a  variable  amount  of  silica  in  the  form  of  chert  or  quartz, 
and  it  will  be  interesting  to  consider  the  facts  from  this  point  of 
view. 

Diopside  (CaO,  MgO,  2  SiOa)  may  be  formed  from  dolomite 
(CaO,  MgO,  2  CO 2)  by  the  simple  substitution  of  silica  for  carbon 
dioxide,  and  in  accordance  with  this  interchange  we  find  diop- 
side often  in  direct  association  with  dolomite.  Forsterite 
(2  MgO,  SiOg),  on  the  other  hand,  cannot  be  formed  in  a  dolo- 
mite, by  simple  interchange  of  constituents,  without  dedolo- 
mitisation,  and  in  everv  case  in  which  this  mineral  occurs  it  is 
associated  with  calcite.  Moreover,  there  is  at  any  rate  a  rough 
general  agreement  between  the  amount  of  forsterite  present  and 
the  amount  of  assumed  dedolomitisation.  In  extreme  cases  no 
dolomite  is  left ;  in  others  there  is  only  partial  dedolomitisation, 
and  the  distribution  of  minerals  in  the  slide  accords  with  the 
view  that  the  dedolomitisation  is  due  to  the  development  of 
forsterite.  Thus  calcite  is  found  surrounding  the  crystals  or 
crystalline  grains  of  forsterite,  while  dolomite  occurs  in  the 
interspaces.  The  serpent  inous  rocks  illustrate  the  same 
principle.  The  serpentine  is  mainly  if  not  entirely  due  to  the 
alteration  of  forsterite,  and  is  invariably  associated  with  calcite. 
This  suggests  the  possibility  that  most  of  the  ophicalcites,  in- 
cluding the  eozoonal  limestone,  are  altered  dolomites. 

Tremolite  is  another  mineral  invariably  associated  with 
calcite  in  the  rocks  under  consideration,  and  this  fact  also  accords 
with  the  dedolomitisation  hypothesis,  for  the  ratio  of  CaO :  MgO 
is  1 : 3    instead  of  1 : 1  as  in  dolomite  and  diopside. 

It  follows  as  a  necessary  consequence  of  the  above  hypothesis 
that  the  contact  metamorphism  of  a  siliceous  dolomite"  will  not 
disturb  the  ratio  of  CaO :  MgO  in  the  mass  as  a  whole ;  so  that 
it  a  sufficiently  large  specimen  be  taken  in  the  preparation  of  the 
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Mum>le  for  the  bulk  snalysu,  tltia  ratio  shonld  be  1 : 1.  To  test 
ihu  a  Bpecimen  oolleoied  aboat  half  a  mO«  W.N'.W.  of  the 
oatlet'trfLooh  Lonaohan,  Shre  (6744),  was  adected  and  partially 
analysed  by  Dr.  Pollard  iritn  the  foilomng  results :  — 
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niia  gina  OaO:MsO=l-08: 1,  i^reem|[  with  dolomite.  The 
nok  ifl  a  white  Baouuurine  marble  oontaining  calcite,  foraterite, 
and  a  little  miea.  It  was  ulected  not  because  the  relative  pnv 
pwHong  of  the  different  constitoents  appeared  to  be  most  favoui^ 
■able  to  the  theory  but  because  the  coiutitueiits,  though  dis- 
teniTited  in  bands,  were  not  otuicentrated  in  jiatches  or  nodules. 
It  is  right,  however,  to  add  that  it  wonld  ay  possible  to  select 
■peeimenB  from  the  series  in  which  the  amount  of  lime  would  be 
in  excess  of  that  required  by  the  theory.  Such  specioieus  may 
indicate  either  that  the  original  rooks  were  not  true  dolomitea  or 
that  the  niigiation  of  magneda  has  in  some  coses  proceeded  to 
oonsiderable  distances. 

8o  br  we  have  been  discossing  the  theoiy  of  dedolomitisation 
otmaaqnent  on,the  development  of  magnesium -silicates.  Such 
a  TOOcess  requires  the  presence  of  silioa  in  the  original  rock,  and 
this  is  frequently  found  as  chert  in  the  dolomites  of  Assynt  and 
Sk^e,  But  dedolomitisation  appears  also  to  be  produced  in  non- 
siliceous  rocks  by  the  formation  of  periclase  or  brurite.  Both  in 
Skye  and  Assynt  rocks  are  to  be  seen  composed  of  brucite  and 
calcite,  with  a.  varj-ing  admixture  of  dolomite,  foraterite,  and 
serpentine.  These  rocks  are  identical  with  the  so-called  pre- 
dazzite  which  was  supposed  for  some  time  to  be  a  definite 
mineral  in  consequence  of  the  constancy  in  the  ratio  of  CaCO, 
to  HjMgOj — a  constancy  equally  well  accounted  for  on  the 
theory  that  the  predazzite  is  an  altered  dolomite.  The  evidence 
that  brucite  in  the  rocks  frnm  Skye  and  Assynt  is  a  pseudomorph 
after  periclase  has  been  already  referred  to.  If  it  be  accepted  it 
brings  these  rocks  into  close  relation  with  the  aggregates  of 
periclase  and  calcite  found  amongst  the  ejected  blocks  of  Monte 
Somma,  which  include  also  eozoonal  limestones  and  other  petro- 
logical  types  having  affinities  with  the  altered  Durness  dolo- 
mites. The  general  conclusions  arrived  at  are  that  the  marbles 
of  Assynt  and  Skye  are,  for  the  most  part,  altered  dolomites,  and 
that  the  alteration  has  been  accompanied  by  dedolomitisation  due 
either  (1)  to  the  development  of  magnesian  silicates  such  as 
forsterite  and  tremolite,  or  (2)  to  the  formation  of  periclase  or 
brucite. 
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POST-CAJMBRIAN    MOVEMENTS. 


CHAPTER  XXXII. 

GENERAL  DESCRIPTION  OF  THE  GEOLOGICAL 
STRUCTURE  OF  THE  REGION  AFFECTED  BY  POST- 
CAMBRIAN  MOVEMENTS  IN  THE  NORTH-WEST 
HIGHLANDS.* 

The  most  remarkable  feature  in  the  geology  of  the  North- 
West  Highlands  is  the  evidence  of  terrestrial  movements,  with- 
out a  parallel  in  the  British  islands,  which  affected  that  region 
in  post^Cambrian  time.  The  tectonic  structure  resulting  from 
these  movements  is  extremely  complicated,  but  the  mass  of 
details,  obtained  in  the  course  of  the  survey,  proves  that,  while 
the  sections  vary  indefinitely  along  the  belt  of  complication  for 
120  miles,  from  the  north  coast  of  Sutherland  to  tne  southern 
promontory  of  the  Isle  of  Skye,  they  nevertheless  present  certain 
persistent  features,  which  may  be  thus  summarised :  — 

1.  By  lateral  compression  of  the  earth's  crust  the  rocks  have 
been  thrown  into  a  series  of  folds,  usually  inverted,  accompanied 
by  several  faults  or  thrusts.  The  general  strike  of  these  folds 
and  dislocations  is  from  N.N.E.  to  S.S.W.  The  axial  planes 
of  the  folds,  the  reversed  faults,  and  the  component  beds  dip,  as 
a  rule,  in  one  direction  towards  the  E.S.E.  In  the  middle  limb 
of  the  overfold  the  constituent  particles  are  attenuated,  and, 
along  that  limb,  the  overfold  may  or  may  not  pass  into  a 
reversed  fault. 

2.  Without  incipient  folding,  the  strata  are  repeated  by  a 
series  of  minor  thrusts  or  reversed  faults,  which  lie  at  an  oblique 
angle  to  more  important  dislocations,  termed  by  us  major  thrust- 
planes.  They  are  likewise  inclined  to  the  E.S.E. — the  direction 
from  which  the  pressure  proceeded.  (Imbricate  Structure, 
Schuppen  Strtiktur.) 

3.  By  means  of  major  thrusts  of  varying  magnitude,  striking 
generally  N.N.E.  and  S.S.W. ,  the  following  structures  have 
been  produced: — (a)  Certain  sub-divisions  of  the  Cambrian 
system  have  been  heaped  up  and  driven  westwards  along  planes 
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urodooed  in  onderlyuiff  nndistarbed  matetiuls ;  (/')  iiiaeseB  of 
Lewisiut  gneiM  with  its  tmoonfonnable  oovtring  nf  Torridon 
Sandstone  and  Cambrian  strata  oTerride  tlie  pUed-up  strata 
beneath ;  (e)  the  Eastem  sdusta  have  been  thrust  far  to  the  west, 
till,  in  some  instanoes,  they  rest  directly  ou  uudistiirbed  Cam- 
brian  tcm^. 

4.  Owing  to  the  trsrelling  of  the  rocks  from  east  to  west  and 
also  to  the  friction  altmg  ihz  nnyieldinf  lover  plane  or  "  sole" 
of  the  thmst,  there  was  a  tendency  in  the  materials  to  fold  over 
and  curve  under,  thus  producing  inversion. 

6.  While  the  planes  of  the  major  thrusts,  along  which  the 
materials  have  been  driven,  usoaUy  dip  at  low  atig'les  to  the 
E.8.E.,  yet  they  are  frequently  irregnlar  both  in  direction  and 
anele  c^  mdination. 

6.  The  outcrops  of  the  major  thrust-planea  resemble  boundary- 
linea  between  uncuiformabie  formations  because  (1)  there  is 
always  a  complete  discordanoe  between  th«  strata  lying  above 
and  below  the  planes  of  disruption,  and  (!IQ  each  gucce.ssire  thrust 
1DAJ  be  overlapped -in  turn  by  a  higher  one. 

7.  Throsts  of  smaller  magnitude,  when  followed  along  the 
strike,  may  merge  into  folds. 

8.  By  means  of  denudation,  outliers  of  the  materials  lying 
above  the  planes  of  disruption  have  be^n  formed,  as,  for 
instance,  where  patches  of  Lewisian  gneiss,  Tonidon  Sandstone, 
and  Cambrian  qnartsitee  rest  on  the  Oieadiug  '/one  or  on  Cam- 
brian dolomite  and  limAstone,  the  upper  discordant  members 
being  separated  from  the  lower  1^  a  fault  with  a  circular  outcrop. 

9.  The  more  powerful  displacements  were  accompanied  by 
differential  movement  of  the  materials  which  resulted  in  the 
development  of  new  structures. 

CLASSinCATlON    OF   THE    STRUCTURES. 

The  several  types  of  structure  observable  along  the  belt  of 
complication  have  definite  relations  to  each  other  in  the  field, 
and  occur  in  consecutive  order  from  west  to  east.  From  this 
point  of  view,  the  structures  may  be  arranged  in  two  divisions — 
(a)  those  which  occur  in  advance  of,  or  to  the  west  of,  the  great 
lines  of  disruption ;  {b)  those  immediately  associated  with  each 
of  the  powerful  thrusts  which  have  produced  extensive  displace- 
ment of  the  strata. 

i.  Strticluret  in  advance  of  the  Great  Lines  of  Disruption. — 
These  are  confined  to  the  belt  of  complication  that  generally 
intervenes  between  the  undisturbed  area  to  the  west  and  the 
outcrop  of  the  great  thrust-planes  to  the  east.  This  stage  in  the 
history  of  the  movements  is  represented  by  two  well-marked 

The  first  of  these  is  characterised  by  the  constant  reduplication 
of  sub-divisions  of  the  Cambrian  series,  or  of  Cambrian  and 
Torridonian  strata  combined,  mainly  bj'  inverted  folds,  and  to  a 
limited  extent  by  reversed  faults  or  minor  thrusts.     This  system 
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is  well  illustrated  in  the  mountainous  region  between  Loch  Maree 
and  Strath  Carron,  where  the  same  zones,  consisting  of  the  Cam- 
brian quartzites  with  the  underlying  Torridon  Sandstone,  are 
repeated  chiefly  by  isoclinal  flexures  dipping  E.S.E.  The  repe- 
tition of  these  beds  by  this  method  extends  over  a  belt  several 
miles  in  width  in  parts  of  that  region.  (Figs.  49,  50,  51,  52, 
53.)  Again,  in  Skye,  overfolding  is  more  characteristic  of  the 
areas  in  advance  of  the  great  thrusts  than  reversed  faults.     (Fig. 

61.) 

The  second  type  presents  important  points  of  difference  from 

that  just  described.  In  this  system  the  Cambrian  zonee  are 
repeated  by  minor  thrusts  without  incipient  folding.  Lower 
zones  are  made  to  rest  on  higher  beds  by  means  of  reversed 
faults,  the  latter  being  inclined  at  a  slightly  higher  angle  than 
the  dip  of  the  strata.  Save  in  exceptional  instances,  the  beds 
between  each  reversed  fault  preserve  their  normal  order  of  suc- 
cession and  have  a  persistent  dip  to  the  E.S.E. ,  thus  furnishing 
an  example  of  imbricate  structure  {Schuppen  StruHur),  The 
slices  of  strata,  thus  repeated,  have  been  driven  westwards  by 
major  thrusts  along  planes,  which  truncate  the  overlying 
reversed  faults,  and  nearly  coincide  with  the  lines  of  bedding 
of  the  sediments  over  considerable  distances.  This  type  has  a 
remarkable  development  in  Sutherlandshire  from  the  eastern 
shore  of  Loch  Eireooll  to  the  southern  limits  of  Assynt,  though 
with  somewhat  varying  features. 

In  certain  areas,  as,  for  instance,  at  Heilim  in  Loch  EireboU, 
and  on  the  shores  of  Loch  Glendhu  and  Loch  Glencoul,  north  of 
Inchnadamff,  the  strata  repeated  by  this  system  of  reversed 
faults  consist  of  fucoid-beds,  ScUtcrella-  (serpulite-)  grit,  and 
basal  dolomite,  the  whole  thickness  of  sediments  not  exceeding 
100  feet.  In  these  sections,  the  observer  may  traverse  con- 
tinuous exposures  for  long  distances,  showing  the  recurrence  of 
these  zones  in  successive  slices,  in  which  the  beds  preserve  their 
normal  sequence.  (Figs.  20,  28,  29,  31.)  This  type  of  structure 
has  been  successfully  reproduced  experimentally.  Further 
examples  of  it  occur  in  the  plateau  east  of  Elphin  in  the  southern 
part  of  AssjTit,  and  also  at  Courthill  east  of  Loch  Kishorn,  where 
the  Cambrian  dolomites  and  limestones,  repeated  by  reversed 
faults,  have  been  made  to  cover  extensive  areas.     (Figs.  39,  55.) 

Perhaps  the  most  striking  instance  of  the  driving  together  of 
the  Cambrian  zones  by  this  system  of  movements  is  to  be  found 
in  the  mountainous  region  between  Loch  More  and  the  head  of 
Loch  EireboU,  where  the  basal  quartzites  and  pipe- rock  have 
been  piled  up  by  minor  thrusts,  all  oblique  to  an  underlying 
thrust-plane  and  inclined  to  the  E.S.E.  The  section  (Fig.  25) 
from  Creag  Dionard  across  the  Plat  Reidh  shows  how,  by  this 
kind  of  displacement  and  repetition,  a  deceptive  stratigraphical 
sequence  is  produced,  together  with  an  apparent  thickness 
greatly  in  excess  of  the  real  depth  of  the  strata.  In  all  these 
examples  of  imbricate  structure  the  resistance  to  the  develop- 
ment of  folds  was  obviously  greater  than  the  resistance  to  the 
f2 
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fonuation  of  thrust-planes.  It  has  sometimes  hapjjened  that 
the  structures  characteristic  of  this  pbaae  of  the  movements 
have  been  buried  underneath  the  material:*  OYevlying  the  great 
thruat-plaues  bo  bs  not  to  appear  at  the  surface  along  the  belt  of 
complication :  but  wherever  denudation  has  laid  bare  a  portion 
of  this  belt,  these  etructures  are  met  with. 

ii,  Slruciurei  Glutrtf.trrixlic  af  Ute  Great  7'hruaU.  —  'I'hese 
stmctui'es  may  also  lie  arranged  in  two  groups  in  accordance 
with  the  nature  of  the  malerials  (hat  have  been  driven  west- 
wards. In  the  first  or  more  westerly  group,  these  materials  con- 
sist of  Lewisian  Gneiss,  Torridon  Sandstone,  and  Cambrian 
strata,  or  of  the  first  and  last  of  these  three  great  systems  of  rock, 
without  any  representative  of  the  middle  member.  In  the 
sw.oud  group,  which  accompanies  the  Moiue  thrust,  or  moat 
easterly  of  the  great  movement-planes,  the  displaced 
materials  are  composed  of  c^uartii-schists,  mica-schists,  gameti- 
ferous  muscovite-biotite-echifits,  and  lenticular  masses  of  acid 
and  basic  gneisses  of  Lewisian  types. 

The  structures  displayed  in  the  first  group,  when  exposed, 
always  lie  to  the  west  of  the  Jloine  thrust-plane  along  the  whole 
belt  of  complication  from  Loch  Eireboll  to  Sleat  in  Skye.  For 
convenience  of  description,  the  several  major  thrusts  among 
tliem  have  received  local  names,  from  the  districts  where  they 
are  typically  developed  (Arnaboll,  Glencoul.  Ben  More.  Kinloch- 
ewe,  Kishorn,  Ben  Suardal).  In  some  areas  only  one  of  these 
powerful  thmsts  is  represented,  in  others  two  or  more  occur,  as 
in  Assvnt,  where  the  Glencoul  and  Polandrnighinn  displacements 
are  overlapped  !.y  that  of  Ben  Mon\  Although  tlicse  lines  of 
disruption  cannot  be  traced  continuously  along  the  belt  of  com- 

Silication,  yet  it  is  probable  that  some  which  have  received 
listinct  names  may  really  be  identical— that,  for  example,  the 
Ben  More,  Kinlocnewe,  and  Kishorn  displacements  lie  on  the 
same  horizon.  The  evidence  further  points  to  the  conclusion 
that  the  Kishorn  line  of  movement  is  prolonged  into  Sleat  in 
Skye. 

It  is  a  remarkable  fact,  which  has  an  important  bearing  on 
the  theoretical  question  of  the  origin  of  the  Moine-schists 
(Eastern  schists),  that  the  Torridon  Sandstone  never  occurs  in 
any  of  the  displaced  masses  west  of  the  Moine  thrust  between 
Loch  Eireboll  and  the  Ben  More  Aseynt  rang& — a  distance  of  34 
miles.  The  materials  brought  forward  by  the  great  lines  of 
disruption  in  advance  of  the  Moine  thrust  in  that  poriion  of  the 
belt  consist  solely  of  Lewisian  gneiss  and  Cambrian  strata.  A 
striking  feature  of  these  displacements  is  observable  in  the  vast 
thickness  of  the  slice  of  the  old  Archaean  floor  that  has  been 
superimposed  on  the  piled-up  Cambrian  rocks.  Near  Glencoul 
it  must  oe,  at  least,  1500  feet  thick,  and  in  that  region  it  has 
borne  westward  all  the  Cambrian  zones  in  succession  from  the 
false-bedded  quartzites  to  the  dolomite  and  limestone.  (Fig.  28.) 
When  the  Glencoul  line  of  movement  is  traced  southwards  into 
Assynt,  the  thin  veneer  of  quartzites  on  the  crest  of  Glasven  is 
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found  to  fold  over  and  to  buckle  under  the  western  face  of  dis- 
placed gneiss  which  there  rests  in  inverted  order  on  that  thrust- 
plane.     (Fig.  31.) 

A  careful  examination  of  the  displaced  masses  in  advance  of 
the  Ben  More  thrust  in  the  northern  part  of  Assynt  shows  that 
the  Lewisian  rocks  form  the  core  of  a  series  of  compound  folds 
overlain  by  the  Cambrian  quartzites  which  have  been  driven 
west  along  the  Glencoul  plane  of  movement.  (Figs.  31,  32.)  The 
same  system  of  folding  on  this  horizon  is  doubtless  prolonged 
northwards  to  Eireboll,  though  the  quartzites  overlying  the  dis- 

E laced  gneiss  on  the  crests  of  the  folds  have  been  largely  removed 
y  denudation.     (Figs.  21,  22,  24.) 

In  the  southern  portion  of  the  belt  between  Ben  More  Assynt 
and  Skye,  the  Torridon  Sandstone  is  always  represented  in  the 
displaced  masses  brought  forward  by  the  powerful  lines  of  dis- 
ruption in  advance  of  the  Moine  thrust.  It  further  appears  that 
the  slices  of  this  formation  increase  in  thickness  southwards  in 
the  direction  of  Skye.  Indeed,  in  Sleat,  the  belt  of  thrust 
Torridon  Sandstone  is  several  miles  in  breadth,  and  the  thickness 
of  the  various  groups  represented,  if  there  is  no  reduplication  of 
the  strata  by  folding,  must  be  about  5000  feet.  (Figs.  59,  60, 
61.) 

It  is  worthy  of  note  that  the  system  of  plication  which  occurs 
above  the  Glencoul  line  of  movement  is  repeated  on  a  still 
grander  scale  above  the  Ben  More  thrust-plane  in  Assynt.  A 
vast  slice  of  Lewisian  rocks,  more  than  1500  feet  thick,  overlain 
by  Torridonian  and  Cambrian  strata,  forms  there  a  great  dome- 
shaped  flexure  with  the  unconformable  sediments  arranged  in 
inverted  order  beneath  the  displaced  gneiss.  On  the  eastern 
ridge  of  Ben  More  the  thin  covering  of  quartzites  on  the  crest  of 
the  fold  has  been  largely  removed,  but  on  Sgonnan  More,  and 
particularly  on  its  southern  slope,  the  arch  is  seen  in  a  less- 
advanced  stage  of  decay.     (Figs.  32,  33,  34,  35,  36.) 

Again,  from  Kishorn  southwards  into  Sleat,  the  most  striking 
feature  of  the  tectonics  of  the  displaced  materials  on  this  horizon 
is  the  great  inversion  of  Torridon  Sandstone ;  this  formation  in 
the  neighbourhood  of  Stromeferry  being  overlain  by  the  over- 
turned floor  of  Lewisian  prneiss.  The  horizontal  sections  (Figs. 
55,  56,  57)  show  that  this  inversion  forms  part  of  a  great  fold 
which  has  been  driven  westward  along  the  Kishorn  thrust-plane. 
On  the  mainland  south  of  Kishorn  the  Cambrian  quartzite  is 
never  seen  in  visible  connection  with  the  thrust  Torridon  Sand- 
stone, but  the  unconformable  junction  between  the  two  appears 
in  Sleat  between  the  Ord  and  Tarxskavaig,  where  a  normal 
sequence  can  be  followed  upwards  to  the  Olenellus  zone. 

The  southern  portion  of  the  belt  of  complication  between 
Assynt  and  Sleat  affords  conspicuous  examples  of  the  plication 
of  the  great  movement-planes  in  advance  of  the  Moine  thrust, 
and  of  the  subsequent  denudation  and  isolation  of  masses  of 
material  that  overlie  these  planes.  (Figs.  36,  48,  49.)  In 
Sleat  a  remarkable  instance  may  be  seen  of  the  reversal  of  the 
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west  limb  of  the  anticline  of  the  S^iaOi  Bheinu  an  liird  thrust, 
with  the  folded  and  thrust  Cambnan  rocks  in  the  core  of  the 
flexure.  (Fig.  62.)  It  is  higUy  probable  that  the  production 
of  these  flexiirea  was  coincidelLt  witn  the  advance  of  the  Eastern 
schists,  and  may  have  baeit  OMUed  by  the  presaure  of  that 
advancing  mass.  At  Ihe  same  time,  it  muet  be  remembered 
that  in  Skye  evidence  has  beMi  obtained  of  the  poat-Jurassie 
folding  of  one  of  these  early  Pabeoioic  thrust-planes.  The  Ben 
Suardal  thrust  appears  lo  have  jihared  in  the  folding  of  the 
Mesozoic  strata  which  cuiTe  nrand  the  north  end  of  tbat  hill. 

Reference  has  already  been  made  to  the  overlap  of  the  Ben 
More  thrust  in  Assynt,  where  it  passes  trausgrcssively  across 
powerful  displacements  to  the  west.  Immediately  to  the  north 
of  Kinlochewe  the  transgresnon  is  still  more  appai'ent,  for  the 
slice  of  LewisJan  gneiss,  wluofa  haa  there  been  borne  westward 
by  the  Kinlochewe  thrust,  ovantepe  all  the  underlying  piled-up 
strata,  so  as  to  rest  direotly  OD  the  undisturbed  fucoid-beds, 
(Figs.  47,  48.) 

The  second  group  of  grflat  lineB  of  disruption,  which  is  repre- 
sented by  the  Moiue  thniit,  diflen,  as  already  indicated,  from 
all  others  to  the  west  in  the  orystalline  condition  of  the  materials 
which  it  has  trans])orted  weatwarda.  These  materials  forming 
the  cryatallino  schists  of  the  Home  series,  and  comprising 
quartz-schists,  quartz-biotite-gtannlites,  garnetiferous  mica- 
schists,  and  limestones,  eridently  represent  altered  sediments 
the  age  of  which  is  still  onoertam.  It  will  be  shown  in  later 
chapters  that  recognisable  khlbs  of  Uie  Torridon  Sandstone  pass 
into  rocks  of  intermcdialc  type  with  struotutes  akia  to  those  of 
the  granulitic  schists  of  the  Moine  series,  and  that  sills  of 
igneous  material  resembling  some  of  the  igneous  rocks  intrusive 
in  the  Cambrian  strata  of  Assynt  are  intercalated  in  the  Moine 
schists  and  have  shared  in  tne  movements  that  have  affected 
them.  At  the  same  time,  it  should  be  mentioned  that  in  some 
districts,  as  between  Stromeferry  and  Loch  Alsh  and  again  in 
Sleat  ia  Skye,  the  structures  of  the  Moine  schists  have  been 
broken  down  by  the  post-Cambrian  movements,  as  if  some,  at 
least,  of  these  rocks  were  already  crystalline  before  being  brought 
into  their  present  positions. 

The  Moioe  thrust  is  perhaps  the  most  iinportant  structural 
feature  produced  by  the  post-Cambrian  movements  in  the  North- 
West  Highlands.  Though,  owing  to  the  development  of 
mylonilfis  in  association  with  this  line  of  disruption,  it  ia 
extremely  difficult  to  determine  everywhere  its  exact  position, 
yet  at  various  places  between  the  north  coast  of  Suther^nd  and 
Sleat  the  plane  of  movement  has  been  laid  bare,  and  its  gentle 
angle  of  inclination  to  the  E.S.E.  can  be  definitely  ascertained. 
A  marked  characteristic  of  the  Eastern  schists  is"seen  in  their 
double  system  of  folding,  evidently  produced  by  the  same  series 
of  earth-stresses;  one  set  of  flexures  trending  N.N.E.  and 
S.S.W.,  in  harmony  with  the  general  strike  of  the  rock  groups, 
and  the  other  set  W.N.W.  and  E.S.E.  in  the  line  or  direction 
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of  the  post-Cambrian  movements.  Another  remarkable  feature 
of  these  rocks  is  their  extraordinary  overlap  across  all  underlying 
thrusts  and  displaced  masses  till  they  rest  directly  on  the  un- 
disturbed Cambrian  rocks  to  the  west.  The  extreme  narrowness 
of  the  belt  of  complication  between  Knockan  in  Sutherlandshire 
and  Loch  an  Nid  in  the  Diindonnell  Forest  in  Ross-shire — a  dis- 
tance of  24  miles — is  due  to  the  transgre'ssion  of  the  Moine 
schists  along  that  thrust-plane.  Along  their  present  western 
limit  the  Eastern  schists  form  a  thin  veneer  covering  either 
undisturbed  Cambrian  strata  or  thrust  Lewisian,  Torridonian, 
and  Cambrian  rocks.     (Fig.  40.) 

EXTENT  OF  HORIZONTAL  DISPLACEMENT  OF  THRUST  MASSES. 

Fortunately  direct  evidence  is  obtained  in 'certain  areas  of  the 
minimum  extent  of  the  horizontal  displacement  of  materials  by 
the  post-Cambrian  movements.  In  the  extreme  north  of  Suther- 
land the  various  rock-groups  included  under  the  Eastern  schists, 
and  overlying  the  Moine  thrust-plane,  can  be  shown  to  have  been 
driven  westwards  for  a  distance  of  ten  miles  from  the  hill-slopes 
on  the  east  side  of  Loch  Eireboll  to  the  centre  of  the  Durness 
basin  and  the  promontory  of  Far-aird  Head.  (See  geological 
map.)  Again,  near  the  county  boundary  between  Sutherland 
and  Ross,  the  great  overlap  of  the  Eastern  schists  can  be  traced 
continuously  for  a  distance  of  six  miles  across  the  broad  belt  of 
folded  and  thrust  materials  in  the  Assynt  mountains.  Further 
evidence  is  furnished  by  the  masses  of  Lewisian  gneiss  which 
have  been  driven  westwards  in  advance  of  the  Moine  thrust.  It 
seems  to  be  a  general  rule  that  the  types  of  gneiss  in  the  dis- 
placed masses  occur  several  miles  to  the  south  of  corresponding 
types  in  the  undisturbed  areas  to  the  west.  The  most  remark- 
able example  of  this  tectonic  feature  is  to  be  found  in  the  Glen- 
coul  district,  where  the  thrust  gneiss  with  broad  veins  of  red 
pegmatite  and  basic  dykes  has  been  shifted  southwards  for  a 
distance  of  six  miles  from  Ben  Stack  to  Glencoul.  As  the 
general  trend  of  the  basic  dykes  is  north-west  and  as  the  direc 
lion  of  the  post-Cambrian  movements  is  W.N.W.,  it  is  obvious; 
that  the  gneiss  must  have  been  thioist  several  miles  from  the 
E.S.E.  Similar  evidence  is  obtained  in  the  Kinlochewe  district 
of  Ross-shire,  where  the  displaced  gneiss  overlying  the  Kinloch- 
ewe thrust-plane  presents  original  characters  like  those  of  Cadha 
Beag,  near  Gruinard,  in  the  undisturbed  area  several  miles  to  the 
north.  It  is  further  obvious  that  the  driving  together  of  the 
Cambrian  zones  resulting  in  imbricate  structure  (Schuppe^i 
Strul'inr)  represents  great  lateral  displacement  of  the  zones, 
though  it  is  difficult  if  not  impossible  to  form  any  reliable 
estimate  of  its  extent. 

METAMORPHISM  RESULTING  FROM  THE  POST-CAMBRIAN  MOVEMENTS. 

The  great  terrestrial  displacements  were  accompanied,  within 
certain  limits,  by  differential  movement  of  the  materials  which 
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resulted  in  the  development  of  new  stmctures.  Tliese 
phenomeuEi  become  more  pronounced  as  the  rocks  are  traced 
eastward  from  the  undisturbed  area.  They  are  highly  developed 
along  the  belt  of  rocks  in  immediate  association  with  the  Moine 
thrast,  where  the  outcrop  of  the  plane  of  this  great  dislocation 
lies  to  the  east  of  a  broad  hell  of  displaced  malerials.  It  la 
worthy  of  note  that  among  the  Cambrian  strata  heaped  up  by 
reversed  fauits  {Schuppen  SiruHur)  in  advance  of  the  ftreat 
lines  of  disruption,  no  melamorphism  of  any  importance  is  ohser- 
nble,  though  there  mumt  have  been  conaiderable  friction  of  the 
materials  in  the  process  of  displacement. 

The  first  appearance  of  the  development  of  new  structures  east 
of  the  undisturbed  area  which  flanks  the  belt  of  dislocation  on  its 
western  side  occurs  in  association  with  the  chief  planes  of 
movement.  The  more  westerly  displaced  masses  of  Lewisian  gneiss 
have  suffered  little  deformation  save  in  immediate  contact  with 
the  thrust-planes  (Olencoul,  Ben  More,  Kinlochewe),  where  the 
gneiss  has  usually  been  sheared.  Again,  along  the  line  of  un- 
conformable junction  between  the  thrust  Lewisian  rocks  and 
Torridon  Sandstone  or  Cambrian  quartzite,  the  old  structures  of 
the  gneiss  have  been  effaced  and  differential  movement  of  the 
constituents  has  taken  place. 

When,  however,  we  pass  eastwards  to  the  belt  of  deformed 
rocks  lying  immediately  in  front  of  the  Moine  thrust  or  resting 
on  its  '■  sole  "  or  plane  of  movement,  the  Lewisian  gneiss  merges 
into  flaser-gneiss  and  schist  and  ultimately  into  a  banded  rock 
like  platy  (ichist.  The  pefjmatites  show  tluxion-atruclure  like 
Ihat  of  rliyolite^,  with  fc^pni'  '■  auj,'fii."  These  mylonised 
rocks  present  a  variegated  appearance,  being  red,  green,  or  grey, 
according  to  the  character  of  the  original  material  from  which 
they  were  derived.  Good  illustrations  of  these  phenomena  may 
be  seen  on  the  east  side  of  Locli  Eireboll  and  in  the  hilly  region 
between  Stromeferrv  and  Loch  Alsh.  In  all  these  examples  of 
crushed  material  the  planes  of  deformation  lie  more  or  less 
parallel  with  the  great  planes  of  movement. 

The  Torridonian  conglomerates,  grits,  sandstones,  and  shales 
have  also  been  affected  by  the  post-Cambrian  movements,  par- 
ticularly along  the  inverted  limbs  of  the  great  overfolds.  For 
example,  in  the  Oykell  valley,  in  the  Ben  More-Assynt  region, 
where  the  basal  conglomerate  lies  in  inverted  order  beneath  the 
Lewisian  gneiss,  its  pebbles  have  been  crushed,  flattened,  and 
elongated  in  the  direction  of  movement,  and  a  flne  schistose  or 
wavy  structure  has  been  developed  in  its  matrix.  Cleavage  has 
been  superinduced  in  the  other  sediments,  the  beds  of  coarse 
grit  being  less  distinctly  cleaved  and  the  planes  being  more 
highly  inclined  than  those  in  the  finer  sandstones  and  shalj 
bands.  Occasionally  lenticular  veins  of  pegmatite  occur, 
arranged  in  lines  more  or  less  parallel  with  the  new  schistose 
planes. 

Again,  along  the  great  inversion  at  Fernaig,  south  of  Strome- 
feny,  foliation  has  been  developed  in  the  Torridon  basal  con- 
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glomerate  and  overlying  Lewisian  gneiss  parallel  with  the  axial 
•plane  of  the  overfold  and  with  the  plane  of  the  Moine  thrust. 
On  this  horizon,  also,  between  Kishorn  and  Loch  Alsh,  and  in 
the  Coulin  Forest,  south  of  Kinlochewe,  the  development  of  new 
structures  in  the  Torridonian  sediments  by  the  post-Cambrian 
movements  is  well  marked.  Dr.  Teall  has  shown  that  the 
quartz-grains  have  been  drawn  out  into  thin  folia  that  wind 
round  ''eyes"  of  felspar.  A  secondary  crypto-crystalline 
material  has  been  produced,  sericitic  mica  appears  in  the  divi- 
sional planes,  and  m  some  instances  biotite  has  been  developed. 

The  deformation  of  the  Cambrian  strata  is  no  less  conspicuous 
in  the  northern  part  of  the  belt  of  complication  either  in  contact 
with  the  Moine  thrust-plane  or  in  the  thrust-masses  in  advance 
of  it.  In  the  case  of  the  basal  false-bedded  grits  or  quartzites, 
the  pebbles  of  quartz  and  felspar  have  been  elongated,  tne  felspar 
having  been  often  fractured  and  traversed  with  veins  of 
secondary  quartz.  The  vertical  ''pipes''  or  annelide-tubes  in 
the  pipe-rock  have  been  bent  over,  flattened,  and  drawn  out  into 
ribands  parallel  with  the  direction  of  movement.  Where  these 
changes  of  form  are  observable  muscovite  has  been  abundantly 
developed  and  the  strata  have  assumed  the  appearance  of 
quartz-schists.  Fine  parallel  lines,  trending  generally  E.S.E. 
and  W.N.W.,  appear  on  the  new  divisional  planes,  in  accord- 
ance with  the  general  direction  of  the  post-Cambrian  movements. 

Further  evidence  of  deformation  is  supplied  by  the  series  of 
intrusive  sills  in  the  successive  thrust-masses  in  Assynt.  The 
sheets  of  felsite  in  the  basal  quartzite  above  the  Ben  More  thrust- 
plane  have  been  converted  into  soft  sericitic  schists,  the  fine 
hornblende-porphyrites  in  the  limestones  pass  into  green  chloritic 
schists,  and  the  albite-porphyrites  present  the  appearance  of 
augen- schists.  These  cnanges  become  more  pronounced  as  the 
rocks  are  followed  eastwards  to  the  Moine  thrust. 


PROBABLE  SEQUENCE  OF  THE  MOVEMENTS. 

The  various  lines  of  evidence  available  lead  to  the  conclusion 
Ihat  the  pressure  which  gave  rise  to  the  overfolding  and  great 
displacements  of  the  rock-masses  came  from  the  E.S.E.  We 
may  now  consider  the  probable  sequence  of  the  earth-move- 
ments. 

In  the  Reports  which  were  published  in  1884*  and  1888t,  it 
was  implied  that  the  structures  first  produced  were  those  in 
advance  of  the  great  lines  of  disruption,  and  that  the  latter  arose 
in  sequence  from  west  to  east,  the  Moine  thrust  being  the  last  of 
the  series.  But  some  of  the  data  furnished  by  Mr.  Cadell's 
experiments,  which  are  referred  to  in  the  sequel,  together  with 
the   field-evidence    obtained    in    the    Dundonnell    Deer   Forest, 

*  Nature,  Nov.  13th,  1884. 

t  Quart,  Joum,  Oed.  8oc.,  vol.  xliv.  (1888),  p.  378. 
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i  the  probabiliW  Uiat  the  reverse  order  may  have  been 
titta  osu,  M  was  origiiuUy  nuantained  by  Professor  Lapwoilh.* 

Vnaa  Mr  Cadul's  ezperime&ts  it  -wuuld  appear  that  "  the 
lunrisontiJ  prewaze  ia  not  jaopamied  far  forward  into  a  mass  of 
atntk,"  ana  tlut  the  Btmetnzm  first  produced  override  the  subse- 
quent onea.  If  this  be  the  tme  oraer  of  appearaiice,  it  would 
•Mm  that  the  Hoine  throBt  was  the  fii-tit  of  the  great  lines  of 
di^ptimi  to  be  prodnoed,  and  that,  on  the  continuation  of  the 
MManre,  the  fonw  was  snooessiTelT  commuDicated  to  masses 
mther  to  the  weit.  Thus  the  imbricate  structure  (Sckujipen 
fllmHMr)  fennd  at  intervaU  along  the  western  edge  of  the  belt 
ol  oompiintion  maj  indicate  a  late  stage  in  the  evolution  of  the 
■buoinTe  ol  the  region.  Bnt,. though  such  may  have  been  the 
,  it  ia  obriona  that  the  veaterly  movement  of  the  Eastern 
's  that  overlie  the  Moine  timist-plane  must  have  been  con- 
tunied  after  the  inoeption  of  the  Sehuppeii  StmMur,  for,  as  we 
hare  seen,  then  sohiats  override  all  the  displaced  masses  and  rest 
ditoctiy  on  the  nndisturbed  Cambrinn  rocks.  Indeed,  tii« 
wedges  of  pUed-ap  strata  showing  imbricate  structure  may  be 
aaid  to  have  acted  like  rollers  for  th(>  transport  of  advancing 
Masnea  on  higher  thmst-^lanes. 

The  evidence  obtained  in  Dundonnell  Forest,  soath  of  Loch 
Broom,  which  is  described  in  Chapter  XXXVI.,  seems  to  have 
an  important  bearing  on  the  question  under  consideration.  In 
that  area  a  denuded  anticline  runs  for  several  miles  in  an  E.N.E. 
direction,  and  affects  alike  all  the  displaced  masses  and  thrust- 
jdanes,  &om  the  Eastern  schists  at  the  top  to  the  heaped-up 
fltrata  in  advance  of  the  Ben  More  thrust  beneath.  These 
materials  rest  on  a  plane  or  "  sole  "  formed  by  the  underlying 
undisturbed  Cambrian  rocks,  (t^ig-  45.)  The  inference  seems 
reasonable  that,  ailer  the  inception  of  the  Moine  thi'iist  and  the 
Ben  More  thrust,  and  after  the  piling-up  of  the  strata  in  advance 
of  the  latter,  all  the  displaced  materials  moved  westwards  along 
the  lowest  thrust-plane  or  "  sole,"  Eventually  the  friction  in 
advance  of  the  area  represented  in  Fig.  45  accumulated  to  such 
an  extent  as  to  produce  a  sharp  plicatiou  of  all  the  structures 
overlying  this  "  sole." 

In  discussing  the  sequence  of  events  in  the  development  of  the 
structure  of  the  North-West  Highlands,  we  are  confronted  with 
the  complications  that  must  have  arisen  from  the  effects  of 
increasing  load  due  to  the  heaping-up  of  the  advancing  masses. 
Further,  it  ought  to  be  borne  in  mind  that  denudation  has 
exposed  at  the  present  surface  structures  which  were  produced 
at  varying  depths  and  under  different  conditions  of  load. 

AGE  OF  THE  MOVEMENTS. 

It  is  obvious  that  the  movements  here  under  consideration 
must  be  later  than  the  Cambrian  dolomites  and  limestones  and 

*  "The  Close  of  the  Highlaod  Controversy,"  Oeol.  May.,  New  Series, 
Dec.  iii.,  vol.  ij,,  p.  iri3. 
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the  igneous  rocks  intrusive  in  the  sub-divisions  of  that  system  in 
Assynt.  In  the  opinion  of  Dr.  B.  N.  Peach,  the  fauna  obtained 
at  Durness  is  similar  to,  if  not  identical  with,  that  which  in 
Newfoundland,  Mingan  Islands,  and  Point  Levis  is  found 
beneath  strata  that  yield  the  Arenig  PhijllograpUis  fauna,  and  is 
therefore  of  Cambrian  age.  On  the  other  hand,  the  movements 
must  be  much  older  than  the  Old  Red  iSaiidstone,  for  its  basal 
conglomerates  rest  uncouformably  on  a  denuded  surface  of  the 
Eastern  schists,  and  contain  pebbles  of  basal  quartzite,  pipe- 
rock,  dolomite,  and  limestone  aerived  from  the  Cambrian  rocks 
of  the  North-West  Highlands. 


EXPERIMENTAL   RESEARCHES   BY   MR.    H.   M.   CADELL. 

The  remarkable  structures  described  in  the  previous  para- 
graphs led  Mr.  H.  M.  Cadell,  formerly  a  member  of  the 
Geological  Survey,  to  institute  a  series  of  experiments*  with  the 
view  of  imitating  in  the  laboratory  processes  which  may  have 
been  in  operation  during  the  development  of  the  post-Cambrian 
movements  in  the  North- West  Highlands.  A  study  of  the 
phenomena  in  the  field  had  shown  that,  in  some  cases,  the  rocks 
of  that  region  behaved  like  brittle  rigid  bodies  under  the  in- 
fluence of  horizontal  compression  or  earth-creep,  and  that, 
instead  of  undergoing  plication,  they  had  snapped  across  and 
been  piled  together  in  slices  like  so  many  cards  swept  into  a  heap 
on  the  table.     To  imitate  such  structures,  Mr.  Cadell  made  use  of 

Elaster  of  Paris  interleaved  with  damp  sand,  which  set  into  hard 
rittle  laminae  that  snapped  under  strain,  and  in  some  instances 
allowed  folding  to  take  place.  In  some  of  the  experiments 
black  foundry-loam  was  employed,  and  in  others  clay,  usually  in 
association  with  less  plastic  layers. 

The  experiments  were  of  three  kinds.  The  first  series  (a) 
was  designed  to  explain  the  behaviour  of  different  types  and 
arrangements  of  strata  when  pushed  horizontally  over  an  immov- 
able surface ;  the  second  (Ji)  to  ascertain  if  possible  bow  gently- 
inclined  thinist-planes  may  have  originated,  and  to  trace  their 
connection  with  fan-structure  and  other  phenomena  observed  in 
mountain  systems  of  elevation ;  and  the  third  series  (c)  was  con- 
ducted on  principles  suggested  by  the  experiments  of  Favre,  who 
placed  layers  of  clay  on  a  stretched  indianibber  band,  which,  on 
contraction,  produced  miniature  mountain  ridges  by  the 
wrinkling  of  the  surface  of  the  clay. 

In  the  course  of  his  experimental  researches,  Mr.  Cadell 
successfully  reproduced  two  types  of  structure  which  are  charac- 
teristic of  cei*tain  stages  of  the  post-Cambrian  movements  in  the 
North-West  Highlands — (1)  the  imbricate  structure  {Schuppen 
StruMiir),  and  (2)  the  inclined  thrust-plane  or  "sole"  along 
which  the  heaped-up  slices  were  driven. 

*  Trans.  Roy.  Soc,  Ediiih.,  vol.  xxxv.,  Part  VII. 
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?  experiment  t 
ItU'  depth  of  strata  waa  oniy  ij  incues,  me  prtamu  o  mi^n™, 
and  the  section  was  pressed  in  from  an  ori(final  length  of  "14 
inches  to  a  space  of  lo  inches.  In  the  iuitiid  stage,  horizoiitBl 
force  being  applied  at  one  end,  a  small  overfold  was  producwl, 
but  afterwards  the  liiyers  or  strata  underwent  a  priwess  of  piling- 
up  in  separate  sHoes  hy  si i|,'Utly- inclined  reversed  faults.  The 
aocumulatine  mass  slipped  vertically  up  the  face  of  the  pressure 
board  as  each  new  wedge  of  material  snapped  and  was  diiven 
tinder  the  piled-up  layers.  The  accompanying  Fig.  19a  is  a 
diagrammatic   representation   of   the   structure   thus   produced. 


Fio.  19 1  — Do\d<i[imint  if  I  ml  iricdU  Structure.     (H.  M.  Cadell.) 

In  another  experiment  it  was  found  that,  after  continued  heap- 
ing up  of  the  materials,  the  displaced  layers  rose  and  slid  forward 
along  a  major  thruat-plaue  or  "  sole  "  which  truncates  the  over- 
lying minor  thraets  or  reversed  fanlts.  (Fifr.  19'').  It  is  apparent 
that  beds  repeated  in  this  manner  in  the  tield,  without  inversion 
or  folding,  might  simulate  a  normal  sequence  ofstrata  of  great 
thickness. 


Fig.  106. — Major  thrust-plane 


(H.  M.  Cadell.) 


These  experiments  furnish  «ome  suggestive  indications  of  the 
order  in  which  the  various  structures  were  developed.  It  is  obvious 
that  the  wedges  first  piled-up  are  those  nearest  the  compressing 
force,  and  that  after  the  continuance  of  the  heaping  up  for  an 
indeBnite  period  the  major  thrust-plane  or  "  sole"  is  produced. 

In  anotner  illustrative  ex[>eriment,  instead  of  the  pressure 
board  being  held  in  a  vertical  position,  with  its  lower  end  against 
the  fixed  sole,  a  cushion  of  sand  was  substituted  for  it  and  force 
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was  applied  behind.  The  result  Bhowed  that  the  whole  mass 
rose  and  slid  forward  over  the  lower  and  less-disturbed  beds 
along  a  major  thrust-plane,  inclined  at  a  very  slight  angle  to  the 
horizon.  During  the  forward  movement  the  friction  tended  to 
retard  the  front  more  than  the  back  part  of  the  advancing  mass, 
thereby  increasing  the  inclination  of  the  thrust  layers.  Had 
the  experiment  been  continued,  the  originally  horizontal  parts  of 
the  thrust  mass  would  doubtless  have  become  vertical,  thereafter 
bending  inwards  towards  the  major  thrust-plane  below.  (Fig. 
19e.) 


—Folding  of  Thrust  Materials  along  a  Major  Thrust-plane 
(H.  M.  Cadell.) 


At  the  conclusion  of  his  paper  from  which  these  notes  and 
illustrations  are  taken,  Mr.  Cadell  thus  summarises  the  results 
of  his  researches:  — 

1.  Horizontal  pressure  applied  at  one  point  is  not  propagated  far 
forward  into  a  mass  of  strata. 

2.  The  compressed  mass  tends  to  find  relief  along  a  series  of 
gently-inclined  thrust -planes,  which  dip  towards  the  side 
from  which  pressure  is  exerted. 

3.  After  a  certain  amount  of  heaping-up along  a  series  of  minor 
thrust- planes,  the  heaped-up  mass  tends  to  rise  and  ride 
forward  bodily  along  major  thrust-planes. 

4.  Thrust-planes  and  reversed  faults  are  not  necessarily 
developed  from  split  overfolds,  but  often  origiuate  at  once 
on  application  of  horizontal  pressure. 

0.  A  thrust-plane  below  may  pass  into  an  auticline  above,  and 

never  reat^h  the  surface, 
G.  A  major  thrust-plane  above  may,  and  probably  always  does, 

originate  in  a  fold  below. 

7.  A  thrust-plane  may  branch  into  smaller  thrust-planes,  or  pass 
into  an  overfold  along  the  strike. 

8.  The  front  portion  of  a  mass  of  rock  being  pushed  along  a 
thrust-plane  tends  to  bow  forward  and  roll  under  the  back 
portion. 

9.  The  more  rigid  the  rock,  the  better  will  the  phenomena  of 
thrusting  be  exhibited. 
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10.  Fan-structure  may  be  produced  by  the  continued  compres- 
sion of  a  single  anticline. 

11.  ThrUBt-planes  have  a  strong  tendency  to  originate  at  the  sidetj 
of  the  fan. 

The  same  movement  which  produces  the  fan  renders  its  con: 
schistose. 

The  theory  of  a  uniformly  contracting  substratum  explains 
the  cleavage  often  found  in  the  deeper  parts  of  a  mountain 
system,  the  upper  portion  of  which  is  simply  plicated. 
This  theory  may  also  explain  the  origin  of  fan -structure, 
thrusting,  and  its  accompanying  phenomena,  including 
wedge  structure. 
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CHAPTER  XXXIII. 

GEOLOGICAL   STRUCTURE  OF   THE   GROUND   FROM 
DURNESS  ANJ)  EIREBOLL  TO  LOCH  MORE.* 

The  district  to  be  described  in  the  present  chapter  extends 
from  the  northern  coast-line  of  Sutheriand,  between  the  Kyle  of 
Durness  and  the  ground  east  of  Loch  Eireboll,  southward  to  the 
line  of  valley  in  which  Loch  More  lies,  and  is  represented  on 
Sheets  107,  108,  113,  and  114  of  the  one-inch  map.  It  exhibits 
with  great  clearness  the  main  tectonic  features  in  the  complicated 
structure  of  the  North- West  Highlands.  Among  these  features, 
the  following  are  typically  displayed :  — 

(1)  The  reduplication  of  the  Cambrian  strata  by  means  ol 
reversed  faults  and  folds  in  advance  of  the  great  lines  of  dis- 
placement. 

(2)  The  occurrence  of  two  powerful  thrusts,  the  more  westerly 
one  on  Ben  ArnaboU,  bringing  forward  a  slice  of  the  old  floor  of 
Lewisian  gneiss,  together  with  the  overlying  unbroken  Cam- 
brian sequence  from  the  basal  quartzites  to  the  Eilean  Dubh 
dolomite  (Group  II.  of  the  Calcareous  Series),  and  the  more 
easterly  or  Moine  thrust  ushering  in  the  '*  Eastern  or  Moine 
schists.'' 

(3)  The  remarkable  overlap  of  the  Moine  thrust,  whereby  the 
materials  which  rest  upon  that  plane  pass  transgi'essivqly  across 
all  underlying  displaced  masses  till  they  come  to  repose  directly 
on  the  highest  division  of  the  Calcareous  Series  in  the  Durness 
basin. 

(4)  The  existence  of  a  double  system  of  normal  faults  affecting 
the  strata  and  thrust-planes  alike,  one  set  trending  N.N.E.  and 
S.S.  W.,  while  the  other,  which  appears  to  be  newer,  runs  more  or 
less  at  right  angles  to  the  first  series.  By  these  two  systems  of  later 
dislocations  the  thnist-planes,  lying  at  gentle  angles,  have  been 
intersected  and  shifted  precisely  as  if  they  had  been  boundary- 
planes  between  two  geological  formations.  By  means  of  two 
normal  step  faults,  the  Cambrian  basin  of  Durness  and  the  mass 
of  Eastern  schists  which  lies  upon  it  have  been  isolated  from  the 
main  belt  at  Eireboll,  and  have  been  brought  down  to  the  sea- 
level. 

♦  By  B.  N.  Peach  and  J.  Home,  with  notes  supplied  by  H.  M,  Cadell. 
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(a)   The  Durncis  Basin. 


The  general  structure  at  this  important  district  is  illustrated 
by  the  sections  in  Figs.  20  and  2;t.  The  western  portion  of 
ground  represented  in  Fig.  20  shows  the  slightly  uneven  surface 
of  Lewisian  gneiss  (A)  ou  which  the  Torridon  Sandstone  (Bb) 
was  laid  down,  the  uu  conform  ability  between  these  red  sand- 
stones and  the  overlying  Cambrian  quartzites  (Ca),  and  the 
isolation  of  portions  of  these  sedimentary  systems  by  denudation. 

On  Meal!  Sgribhinn,  the  basal  qnartzitea  (Ca)  and  part  of  the 
pipe-rock  (Cb)  dip  to  the  south  of  east  at  angles  varying  from 
12°  to  18°,  whilt)  the  underlying  red  sandstones  are  almost 
flat  or  gently  inclined  to  the  north-west.  Passing  eastwards  to 
the  shore  of  the  Eyle  of  Durness  at  Dail,  we  find  an  example  of 
the  double  un  coo  form  ability,  for  the  basal  beds  of  the  Ai'euaceous 
Series  (Ca)  rest  partly  on  tne  red  sandstones  (Bb)  and  partly  on 
the  Lewisian  gneiss  (A,  Fig.  20).  Beyond  a  small  fault  that 
repeats  the  base  line  at  Dail,  the  transgression  is  complete,  for 
the  false-bedded  Cambrian  grits  there  rest  directly  on  the  ancient 
floor  of  Lewisian  gneiss  (A  in  Fig.). 

Though  the  normal  sequence  from  the  pipe-rock  sub-zones  to 
the  fucoid-beda  and  Salterella-  (Sei-pulite-)  grit  is  not  exposed 
near  Dail,  the  outcrops  of  the  members  of  the  Middle  Series 
being  concealed  by  the  waters  of  the  Kyle,  it  is  found  in  the 
southern  portion  of  the  basin,  as  already  mentioned,  at  Rudb'  a' 
Qhrudaidn.  Between  the  east  shore  of  the  Kyle  and  the  village 
of  Durine,  the  Steven  grtmps  nf  the  C'aleareous  series  (Ce  I. -VII.) 
succeed  each  other  in  natural  order,  although  their  outcrops  have 
been  shifted  by  several  faults.  It  is  noticeable,  however,  that 
cleavage  begins  to  appear  in  the  more  fine-grained  members  of 
the  Balnakiel  sub-division,  and  becomes  more  pronounced  in  the 
overlying  zones.  The  outcrops  of  the  higher  zones  of  dolomite 
and  limestone  are  repeated  by  a  series  of  strike-faults,  some  of 
which  can  be  proved  to  be  normal,  others  may  possibly  be 
reversed. 

East  of  the  village  of  Duiine,  the  highest  members  of  the 
Calcareous  series  are  overlain  by  shattery  quartzite,  striped 
fissile  schist,  fi-illed  schist,  and  deformed  gneiss  (M'  A.,  a),  which 
together  form  part  of  the  series  above  the  Moine  thrust-plane 
(T").  Their  superposition  is  clearly  displayed  in  the  cliff  west 
of  Sango  Bay,  to  the  south  of  Creag  Chearbach,  where  the  rocks 
beneath  and  above  the  thrust-plane  arc  alike  affected  by  small 
normal  faults.  The  development  of  these  ancient  displaced 
rocks  in  this  part  of  the  basin  is  limited,  for  they  sti'etch  south- 
wards only  for  about  a  mile,  and  along  their  eastern  margin  they 
are  abruptly  truncated  by  a  powerful  dislocation  (f,  in  Fig.  20), 
which  lets  them  down  against  the  Sailnihor  dolomites.  (Ce  III.) 
The  apparently  conformable  sequence  from  the  Calcareous  series 
into  an  overlying  series  of  schists  is  entirely  deceptive,  for  these 
Bchiets  can  b«  linked  with  the  corresponding  section  at  Fair-aird 
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Head,  north-west  of  Ihirine  village,  and  with  the  sequence  over- 
lying  the  Moino  thrust-plane  east  of  Loch  EIreboll.  (See  Fig. 
23.) 

On  the  further  side  of  the  lime8tone  plateau  east  of  Sangomore 
the  dolomites  and  limestones  of  Group  IV.,  there  broadly- 
developed,  aie  bounded  by  a  fault  (f,  in  Fig.  20),  which  suc- 
cessively brings  them  in  n^ontact  with  the  pipe-rock  (Cb)  and 
basal  quarlzites  (Ca)  skirting  the  whore  west  ot  Saugobeag.  On 
the  western  slope  of  Menll  Meadhonach,  about  tlie  level  of  the 
OOO-feet  contour  line,  a  small  outlier  of  the  basal  quartzitee 
(Ca)  with  part  of  the  pipe-rock  (Ch)  reats  on  the  Lewisian  gneiss, 
and  is  cut  off  along  the  eastern  raaigin  by  ttie  first  of  the  two  great 
step  faults  that  bring  down  the  Durness  basin  (Sheet  114). 

(b)  Loch  Eireholl. 

The  platform  of  Lewisian  gneiss  (A)  on  the  eastern  slope  of 
Meall  Meadhonach  is  covered  unconformahly  by  a  thin  cake  of 
basal  quartzites  (Ca),  followed  on  the  west  shore  of  Loch  Eire- 
boll  by  the  pipe-rock  (Cb),  Crossing  the  loch  to  Heilim,  the 
observer  immediately  encounters  the  belt  of  complication  in 
advance  of  the  Arnaholl  thrust.  Nowhere  in  the  Eireboll  region 
is  the  development  of  imbricate  structure  ("Schnppen-struktur") 
so  clearly  displayed  as  in  the  fine  coast-section  from  Heilim 
northwards  to  the  mouth  of  the  Hope  River.  For  about  a  third 
of  a  mile  north  of  the  ferry-house  the  two  lowest  groups  of  the 
Calcareous  BL>ries  are  repeated,  but  further  north  for  a  distance 
of  a  miie  and  a  half  there  is  a  constant  reduplication  of  fucoid- 
beds,  serpulite-grit,  and  basal  dolomite  in  thin  lenticular 
masses,,  repeated  by  I'eversed  faults.  The  inclination  of  these 
displacements  is  at  a  slightlj'  higher  angle  than  the  dip  of  the 
strata,  the  difference  varj-ing  from  10°  to  15°,  and  a  similar 
relationship  is  observable  between  the  planes  of  cleavage  and 
of  stratification  in  the  fucoid-beda.  Both  the  strata  and  the 
reversed  faults  are  inclined  to  the  E.S.E.  at  rather  high 
angles.  At  Cailleach  a  'Mhuilleir,  the  headland  about  a  mile 
west  of  the  mouth  of  Hope  River,  these  piled-up  beds  are  cut 
off  by  a  thrust  inclined  to  the  E.S.E.  at  50°,  which  brings  up 
the  pipe-Vock  to  the  east.  Beyond  this  dislocation  the  Camhrian 
strata  are  repeated  by  folds  as  well  as  by  reversed  faults,  as  may 
be  seen  round  Beinn  Heilim,  where  the  beds  consist  chiefly  of 
pipe-rock,  though  some  of  the  hill-topa  are  capped  hy  fucoid-beds 
with  infolds  of  serpulite-grit. 

Between  Heilim  and  the  base  of  Amaboll  Hill  (Beinn  Poll 
Ath  roinn  in  one-inch  Sheet  114),  all  the  zones,  ranging  from 
the  Eilean  Dubh  dolomites  to  the  pipe-rock,  are  repeated  by  a 
complicated  system  of  "reversed  faults  and  folds,  the  higher  zones 
occurring  to  the  west  and  the  lower  ones  to  the  east.  Kound  the 
western  slope  of  that  hill  the  arrangement  of  the  fucoid-beds, 
serpulite-grit,  and  basal  dolomite  admirably  illustrates  the 
piling-up  of  the  rocks  in  advance  of  the  more  powerful  lines  of 
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disruption.  At  length  this  system  of  faults  and  folds  culmi- 
nates in  the  Amaboll  thrust,  by  which  a  mass  of  Lewisian 
gneiss,  in  places  upwards  of  400  feet  thick  and  presenting 
features  similar  to  those  west  of  Eireboll,  has  been  driven  over 
the  Cambrian  strata.  The  detailed  mapping  of  the  displaced 
gneiss  on  Beinn  Amaboll  proves  it  to  rest  transgressively  on  all 
the  Cambrian  zones  from  the  basal  quartzites  to  the  SaltereUa 
dolomite  (Group  I.  of  the  Calcareous  series).  This  discordance  was 
recognised  by  Nicol,  who  regarded  the  gneisses  as  granulites 
intrusive  in  the  Cambrian  sediments. 

The  effects  of  this  disruption  on  the  quartzites  is  well  seen  on 
Beinn  Amaboll.  (Fig.  20.)  On  the  north  slope,  where  the 
pipe- rock  (Cb)  underlies  the  gneiss  (A),  the  vertical  worm-tubes 
are  flattened  and  bent  over  in  the  direction  of  the  plane  of  move- 
ment; and  on  the  eastern  declivity,  where  the  basal  quartzites 
are  covered  by  the  Archyean  rocks,  they  develop  a  finely-banded 
and  streaky  appearance,  due  to  the  compression  of  the  felspar 
fragments  and  grains  of  quartz.  On  the  surface  of  the  divisional 
planes  a  series  of  parallel  lines  indicates  the  direction  of  move- 
ment, and  is  accompanied  by  a  slight  development  of  white 
mica.  In  like  manner  the  Lewisian  gneiss  (A),  while  pre- 
serving its  original  structures  in  the  heart  of  the  mass,  is  highly 
sheared  in  places  neal*  the  plane  of  disruption.  The  production 
of  pseudo-rhyolitic  structure  in  the  pegmatites,  and  the  con- 
version of  the  homblendic  gneiss  into  a  green  micaceous  schistose 
rock,  are  displayed  on  the  eastern  slope  where  the  Lewisian  rocks 
overlie  the  basal  quartzites. 

The  former  further  north-westward  extension  of  the  displaced 
gneiss  is  proved  by  the  occurrence  of  a  small  outlier,  about  100 
yards  long,  on  the  crest  of  a  hill  (Sithean-na-Cuag)  about  half 
a  mile  north-west  of  Beinn  Amaboll  and  300  yards  west  of  Loch 
Creagach,  where  the  thrust  materials  consist  of  sheared  gneiss 
and  rest  on  the  fucoid-beds,  serpulite-grit,  and  dolomite. 
(Shown  on  Fig.  20.)  The  mass  of  Lewisian  gneiss  on  Beinn 
Arnaboll  is  abruptly  cut  off  by  the  Moine  thrust  (T^  in  Fig.) 
which  ushers  in  the  Eastern  schists.  The  peculiar  green  platy 
mylonised  rocks,  the  frilled  schists,  marble,  deformed  gneiss, 
and  siliceous  Moine  schists  (M',  X,  A,  M)  which  occur  in  Sango 
Bay  and  round  Fair-aird  Head  (Diiniess)  are  here  conspicuously 
developed. 

The  evidence  being  thus  clear  for  the  complete  discordance 
between  the  thrust  Lewisian  gneiss  and  the  underlying  piled-up 
sedimentary  strata  on  Beinn  Amaboll,  we  proceed  to  show  that 
all  the  Cambrian  strata  on  the  east  side  of  Loch  Eireboll  between 
Heilim  and  Creag-na-Faolinn  lie  in  a  synclinal  fold,  and  have 
been  driven  westwards  in  front  of  the  anticline  of  Lewisian 
gneiss  along  the  Amaboll  thrust-plane.       (Fig.  21.) 

About  a  mile  south  of  Heilim  Pier,  a  promontory  named  An 

t-Sron  forms  the  western  headland  of  Camas  an  Duin,  where  a 

complete  sequence  can  be  traced  from  the  pipe-rock  to  the  Eilean 

Dubh  dolomites  and  limestone  as  represented  in  the  vertical  table 
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already  given-  {Chapter  XXIV.)  The  hill-slope  east  of  th 
promontory  towards  Bealach  Mhairi  presents  a  descending 
section  from  the  highest  sub-zone  of  the  pipe-rock  to  the  basal 
pebbly  grit  lasting  nncoufurmably  on  the  gneiss. 

This  section  has  figured 
largely  in  the  literature  beai-- 
ing  on  the  order  of  auccession 
of  the  rocks  in  the  North- 
West  Highlands,  for  while 
Murchison  maintained  that  it 
proved  the  existence  of  an 
upper  quartzite,  Nicol  con- 
tended that  the  evidence  con- 
fiiTjied  his  belief  that  the 
lower  qunrtzite  was  brought 
up  to  the  east  by  means  of 
folding.  The  horizontal  sec- 
tion given  by  Nicol"  correctly 
represents,  in  broad  outline, 
the  sequence  and  relations 
of  the  Cambrian  etrata  at 
Camas-an-Duin.  He  clearly 
saw  that,  in  Camas  Bay, 
where  the  pipe-rock  dips 
eastwards  apparently  below 
the  igneous  mass  of  the  hill 
(Lewisian  gneiss)  the  open- 
ings of  the  annelid-tubes  and 
the  ripple-marks  are  there  on 
"the  lower  faces,  showing 
that  there  has  been  a  com- 
plete reversal  of  the  strata. "+ 
While  aecumtely  interpreting 
the  sequence  and  relatiooa  of 
the  Cambrian  sedimente  at 
this  locality,  he  regarded  the 
Lewiaiaii  gneiss  as  intrusive 
granulite  throwing  off  the 
strata  on  each  side  of  the  hill 
and  involving  large  fragments 
of  the  mica-slate  to  the  east. 
Hence  he  inferred  that  the 
mica-siate  is  the  lower  and 
older  rock. 

Subseijuenlly,      in      1883, 
Professor  Lapworth  described 
this  section' in  detail,  confirming  Nicol's  conclusions  regarding  the 
sequence  of  the  sediments. f     He  added  certain  evidence  of  great 
*  Owtrt.  Jcmm.  Oed.  Soc.,  vol.  xvii.,  p.  88,  fig.  3. 
t  lUd.,  p.  89. 
..     X  "The  Secret  of  the  Hi|^nda."    'Oeol.  Mag.,  18S3,  p.  126. 
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moment,  viz.,  that  on  the  eastern  margin  of  the  quartzite 
there  rises  from  beneath  the  lower  division  of  the  arenaceous 
series  the  thin  basal  conglomerate,  with  its  quartz  pebbles  and 
fragments  of  coloured  shales.  He  further  showed  that  this  con- 
glomerate rests  on  the  highly  crystalline  or  so-called  **  igneous 
rock  "  of  the  Sutherland  gneiss,  on  the  platform  above  the  ridge 
(Bealach  Mhairi),  where  a  narrow  island  of  quartzite  is  sur- 
rounded by  the  crystalline  "  igneous  rock,"  and  is  separated 
from  it  by  the  basal  conglomerate,  the  visible  phenomena  afford- 
ing very  clear  evidence  of  a  distinct  unconformity  between  the 
two  series.  Professor  Lapworth  therefore  inferred  that  this 
place  affords  a  complete  demonstration  of  the  identity  of  the  so- 
called  lower  and  upper  quartzites,  and  proves  that  the  lower 
quartzite  (and  of  necessity  the  whole  of  the  fossil-bearing  series) 
is  of  newer  age  than  the  **  igneous  rock ''  of  the  Sutherland 
gneiss. 

These  conclusions  were  independently  confirmed  by  Dr. 
Callaway,  who  further  pointed  out  the  evidence  for  a  small 
reversed  fault  in  the  bay  near  the  Pictish  Tower  east  of  An 
t-Sron.* 

On  referring  to  Fig.  21,  it  will  be  seen  that,  for  about  one- 
third  of  a  mile  between  An  t-Sron  and  the  Pictish  Tower,  south 
of  Camas  an  Duin,  the  strata  are  arranged  in  a  gentle  compound 
anticline,  the  lowest  members  being  the  highest  beds  of  the  pipe- 
rock  Cb),  followed  by  the  various  sub-zones  of  the  fucoid- 
shales  (Cc).  About  200  yards  south-west  of  the  promontory  the 
soft  cream-coloured  shale  appears  at  the  top  of  the  zone,  from 
which,  as  already  stated,  fragments  of  Olenellus  were  obtained. 
Southwards  along  the  shore  the  Salterellon  (serpulite-)  grit 
(Cd)  follows  in  natural  order,  succeeded  by  the  sub-divisions  of 
the  Ghrudaidh  dolomites  (Ce  I.)  and  by  the  members  of  the 
Eilean  Dhub  group  (Ce  II.  in  Fig.  22).  On  the  east  side  of  the 
compound  anticline,  near  the  old  Pictish  Tower,  the  lowest  beds 
of  the  Ghrudaidh  dolomites  are  cut  off  by  a  reversed  fault  (shown 
in  Fig.  21),  which  brings  up  the  fucoid-shales,  arranged  in  a 
double  syncline,  each  fold  containing  a  small  outlier  of  ser- 
pulite-grit.  Eastwards  the  latter  sub-zone  is  brought  into 
contact  with  the  pipe-rock  by  a  small  thrust,  and  as  the  observer 
ascends  the  hill-slope  to  the  east  he  encounters  both  divisions  of 
the  quartzite,  usually  in  inverted  order  and  arranged  in  one  or 
more  isoclinal  folds.  At  the  junction  with  the  Lewisian  gneiss 
the  false-bedded  grits  with  the  thin  basal  conglomerate  dip  to 
the  E.S.E.  in  inverted  order  at  80°.  About  200  yards  to  the 
east  a  small  patch  of  basal  quartzite  lies  in  a  fold  in  the  gneiss, 
which  is  truncated  on  the  south-east  side  by  a  reversed  fault 
(Fig.  21) ;  and  about  30  yards  further  up  the  hill  the  outlier 
(Ca)  described  by  previous  observers  appears,  measuring  700 
yards  in  length  and  150  yards  in  breadth.  In  this  outlier  the 
strata,  belonging  wholly  to  the  lower  division  of  the  arenaceous 
series  and  including  the  basal  fine  conglomerate,  are  isoclinally 

*  Quart.  Jour,  Oeol.  Soc.,  vol.  xxxiz.,  p.  398  et  seq. 
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folded  and  dip  to  the  E.S.E.  The  adjacent  Lewisian  rot-ks  con- 
Bwt  of  crushed  horiiblendic  gneiss  with  veins  of  granite  and 
pegmatite.  Eastwards  strips  of  highly- sheared  and  rolled-out 
quartzite  may  be  observed  close  to  the  Moine  thrust-plane 
which  may  probably  be  lenticles  of  the  basal  quartzite. 

'ITie  mass  of  Lewisian  roeks  on  B^alach  Mhairi  is  merely  the 
southward  prolongation  of  that  on  Beinn  Arnaboll,  for  one  ran 
walk  continuously  on  the  old  Lewisian  platform  for  a  distance 
of  a  mile  and  a  half  from  the  one  point  t«  the  other.  (Sheet 
114.)  Further,  the  unconformable  junction  between  the  gneiss 
and  the  Cambrian  strata  can  be  traced  for  about  a  mile  on  one 
line  along  the  west  slope  of  Bealach  Mhairi  nortli  to  Druim  ua 
Teanga,  where  both  the  gneiss  and  the  inverted  quartzites  come 
in  contact  with  the  piled-up  fucoid-beds,  serpulit^grit,  and 
dolomites  to  the  north  and  east.     Agaiu,  a  patch  of  the  basal 

Suartzites  refiting  unconformably  on  the  Lewisian  gneiss  is 
ound  above  the  Anaaboll  thrust-plane  on  the  west  face  of  Beinn 
Arnaboll,  as  shown  in  Fig.  20 

The  difficulty  in  explaining  these  complicated  relations  at 
once  disappears,  if  we  follow  the  outorop  of  the  Arnaboll  thnict- 
plane.  Owing  pat-tly  to  its  gentle  inclination  and  partly  to 
folding  and  denudation,  its  outcrop  forms  a  remarkably 
sinuous  line.  It  is  clearly  seen  on  the  east  and  north  slopes  of 
Beinn  Arnaboll,  whence  it  can  be  followed  round  the  west  faee 
of  the  hill,  descending  into  the  hollow  on  the  west,  then  bending 
back  on  itself,  winding  round  the  north  margin  of  the  quartzites 
on  DiTim  Teanga  and  eiitcrinfr  Loch  Eireboll  in  Ht-ilim  Bay. 
From  IJiul  point  it  Iruver.^r^s  Ihi-  (b.nr  of  (be  loch  southward'^  and 
reappears  at  the  base  of  Creag-na-Faoilinn.  This  structure 
accounts  for  the  inversion  of  the  quartzites  east  of  Camas  an 
Duin  and  for  the  occurrence  of  the  lower  groups  of  dolomites  at 
Eireboll  House,  which  will  now  be  described. 

As  shown  in  Fig.  22,  the  Cambrian  strata  from  their  base  ap 
to  the  Eilean  Dubh  limestone  rest  undisturbed  on  the  floor  of 
Levisian  gneiss  along  the  west  side  of  Loch  Eireboll. 

But  on  the  east  side  of  the  loch  the  structure  at  once  becomes 
greatly  complicated.  The  broad  features  at  An  t-Sron  are  con- 
tinued southwards  to  the  low  plateau  at  Eireboll  House,  with  this 
modification  that  the  folds  in  the  latter  area  are  now  represented 
in  the  two  lowest  groups  of  the  Calcareous  series  (Ce  I.,  II.). 
Sonth  of  An  t-Sron  a  passage  is  traceable  upwards  from  the 
OleneUvs  zone  to  the  dolomites  of  the  (jihrudaidh  and  Eilean 
Dubh  groups,  which  cover  the  low  ground  bordering  the  loch 
for  two  and  a  half  miles  to  a  point  beyond  Eudh  Ard  Badanach 
and  within  a  mile  of  the  base  of  Creag-na-Faoilinn,  The  dolo- 
mites are  arranged  in  a  gentle  compound  anticline,  the  Eilean 
Dubh  beds  (Ce  II.  in  Fig.  22)  extending  inland  from  the  shore 
to  near  the  high  road  beyond  Eireboll  House,  where  the  under- 
lying dolomites  of  the  Ghrudaidh  sub-division  come  to  the  sur- 
face and  form  a  sharp  syncline,  followed  by  the  serpulite-grit, 
fucoid-beds,  and  pipe-rock,  sometimes  in  inverted  order.     Here 
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neither  the  basal  quaiiiziteB  nor  the 
unconfoiTnable  junction    with    the 
Lewisian  gneiss  are  exposed,  as  the 
;  section  ia   interrnptert  by  a  thi-ust 

i  which  brings  forward  highly-sheared 

^  materials.      But  the  conclusion  is 

<         obvious   that  the   Cambrinn  strata 
on  either  side  of  EireboU  House  are 
the  southern  prolongations  of  those 
which  at  An  t-Sron  and  in  Camas- 
S  an-Duiii  overlie  the  Amaboll  thrast- 

:  plane.     Hence  this  line  of  displace- 

ment is  represented  in  Fig.  22  as 
lyinf!  beneath  the  thrust  limestones 
at  Eireboll  and  coming  to  the  sur- 
face between  An  Corr  Eilean  and 
the  eastern  shore  of  the  loch.  This 
small  island  about  a  mile  W.S.W. 
of  An  t^Sron  is  composed  mainly 
of  dolomites  of  the  Eilean  Dubh 
group,  dipping  to  the  E.S.E.  at 
angles  varpng  fi-om  10°  to  15°. 
From  the  absence  of  any  indications 
of  reversed  faulting  or  other  dis- 
turbance, it  is  highly  probable  that 
the  limestones  here  are  in  natural 
sequence  with  the  undisturbed 
Cambrian  strata  on  the  west  side  of 
the  loch. 

The  sharp  syncline  in  the  lime- 
stone east  of  Eireboll  House  and 
the  invereion  of  the  underlying 
Cambrian  sti'ata  were  noted  by 
Nicol  and  represented  in  hia  section 
of  that  area,*  and  hia  observations 
were  siibsefjuently  confirmed  by 
Dr.  Callaway.  Nicol  further  noted 
the  thinning-out  southwards  of  the 
igneous  rock  of  Amaboll  Hill 
(l^ewisian  gneiss)  and  the  occur- 
rence of  mica-  and  talc-slates  with 
innumerable  fine  threads  or  lines  of 
igneous  material,  in  association  with 

*  '3  J  tiiP  quartzitea. 

O  J  Continuing   the  section   east   of 

g  ^  Eireboll  House,  we  find,  on  the  west 

*|  "^  slope  of  Meall  a'  Bhaid  Tharsuinn, 

*  S  that  the  inverted  pipe-rock  is  suc- 

ceeded by  highly-sheared  gneiss,  the 
"*  twobeingseparatedbya  well-marked 

thrust.      Along  this  declivity  and 
■(.  Jvui:  GtiA.  Soc,  vol.  xvii.,  p.  92,  Fig.  5. 
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about  the  same  level  strips  of  flaser  gneiss  are  interleaved  with  bands 
of  mylonised  qiiartzite,  the  plauea  of  scliistosity  being  parallel 
to  the  powerful  tlirust-planea.  That  these  siliceous  zones  are  in 
all  probability  deformed  basal  quartz ites  of  the  Cambrian 
sequence  is  supported  by  the  fact  that  in  this  line  of  section, 
about  the  700-feet  contour  line,  a  lenticie  of  sheared  dark-blue 
limestone  with  black  chert  nodules  appears,  which  may  pi-o- 
bably  be  a  portion  of  the  Baloakiel  group  of  the  Durness  dolo- 
mites. On  the  one-inch  Sheet  114,  these  strips  of  sheared 
gneiss,  quartzite,  and  limestone  are  represented  as  occurring  in 
the  materials  overlying  the  Moine  thrust^plane,  but  it  is  not 
improbable  that  their  appearance  is  due  to  intermediate  thrusts 
in  advance  of  that  great  line  of  disruption,  as  shown  in  section. 
(Fig.  82.) 

(c)  From  the  Rape  Rirer  to  Cftnu  Gtai  Mot  (  Whitten  Head). 

This  tract  of  ground  west  of  the  Moine  thrust  is  occupied 
partly  by  Cambrian  strata,  chiefly  quartzites,  repeated  by  faults 
and  folds,  as  in  the  area  round  Beinu  ITeilim,  and  partly  by  dis- 
placed masses  of  Lewisiau  gneiss.  The  outcrop  of  the  ArnaboU 
thrust-plane,  which  descends  the  east  slope  of  Beinn  Amaboll 
to  Loch  Hope,  is  then  shifted  northwards  to  Invcrhope  by  a 
fault  which  runs  along  the  lower  part  of  the  lake.  Thence,  the 
thrust-plane,  overlain  by  a  mass  of  Lewisian  rocks,  can  be  fol- 
lowed north  to  Cnoc  ua  Filt  Tharsuinn,  where  it  is  overlapped 
by  the  Moine  thrust.  The  two  patches  of  gneiss  shown  on 
Sheet  114  near  the  rasteni  headland  of  Lnch  KirelioU— one  S.S.E. 
of  Freasgeal  and  the  other  forming  Cnoc  Ard  an  Tionail — are 
probably  outliers  of  the  materials  above  the  Amaboll  thruat- 
plane,  which  have  been  let  down  to  the  west  by  normal  faulta 
(Fig.  23).  The  outcrop  of  this  line  of  displacement  beneath  the 
Cnoc  Ard  an  Tionail  mass  is  well  seen  on  the  top  of  the  cliff  at 
Whitten  Head,  Ceann  Geal  Mor,  and  on  Mol  Mohr.  The  piled- 
up  strata,  which  there  underlie  the  plane,  consist  of  basal 
quartzitee,  which  have  been  driven  on  to  the  pipe-rock  in  the 
bay  termed  Mol  Mohr.  Southwards  in  Geodh'  a'  Bhathaich 
the  fucoid-shales  osiA  the  uppermost  zone  of  the  arenaceous 
series  we  repeated  by  minor  reversed  faults. 

The  unconformable  junction  of  the  lower  division  of  the 
quartzite  with  the  Lewisian  gneiss  is  displayed  on  the  cliff  a 
quarter  of  a  mile  south-west  of  Ceann  Geal  Mor,  where  it  dips 
to  the  west  at  80*^,  with  the  thin  pebbly  conglomerate  at  its  base. 
On  the  eea-atack  to  the  north  it  is  inclined  to  the  north-east. 
Another  exposure  is  met  with  in  a  small  stream  draining  Loch 
na  Beiste,  about  a  mile  and  a  half  south  of  the  Whitten  Head, 
where  the  basement  breccia  or  congIomerat«  is  inverted  and 
dips  to  the  E.S.E.  at  45°.  The  triangular  mass  of  Lewisian 
rocks  lying  to  the  east  of  Uiis  unconformable  atrip  of  basal 
quartzite  occupies  the  lofty  sea-cliff  for  about  a  mile  east  of 
Ceann  Ge^  Mor,  where  the  rocks  consist  of  crushed  hornblendic 
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gneiss  traversed  by  veina  of  granite  and  pegmatite.  Along  tlie 
eastern  mnrgin  of  thig  mass  it  is  overlain  unconformablj  on  the 
top  of  the  cliff  by  a  thin  patch  of  basal  quartzites,  which  is 
truncated  by  the  Moine  thiust. 

The  atructiires  jast  described  near  Ceann  Geal  Mor  are  repre- 
sented in  the  accompanying  section  (Fig.  23),  which  haa  been 
prepared  to  show  the  relations  of  tlie  strata  north  of  the  Durness 
basin  to  those  in  the  north-east  part  of  the  Kireboll  region.  In 
the  double  sy Intern  of  normal  faults  which  have  been  alluded  to 
as  travei'sing  the  Durness  area,  erne  set  trends  north-east,  while 
the  other,  of  later  date,  cuts  those  nearly  at  right  angles. 
By  means  of  one  of  the  later  north-west  dislocations,  which 
tnmcates  the  Dumesa  baain  along  its  northern  margin,  the 
dolomites  of  the  Croisaphuil  zone  (Oe  VI.)  have  been  thrown  five 
mile!!*  to  the  north-west,  as  far  as  An  Garbh-eilcan  (Sheet  IH). 
This  displacement  has  likewise  shifted  the  outcrop  of  the  Moine 
thruet^plane  JVom  Sango  Bay  to  the  west  of  Fair-aird  Head. 
Though  not  exposed  at  the  siirface,  the  position  of  the  thrust- 
plane  must  be  cloae  to  the  western  base  of  the  headland,  as  the 
islets  in  the  north  part  of  Balnakiel  Bay  are  composed  of 
Cambrian  dolomite  and  limestone  which  underlie  that  plane. 
The  shore-section  from  Fair-nivd  south-east  to  Seanachai steal 
(Bishop's  Castle)  displays  a  fine  development  of  the  Eastern 
schists,  including  the  platy  mylonised  rocks,  frilled  schists, 
sheared  gneiss,  and  siliceous  Moine-schiats  (M',  X,  x.  A,  M,  in 
l''ig.  23),  which  were  correctly  corretaf^^d  by  Murchison  and 
Kicol  with  the  schists  in  the  neighbourhood  of  Beinn  Thutaig, 
east  of  Loch  Eiretwll. 

(d)  From  the  Head  of  Loch  EirehoU  to  Loch  Mare. 

At  the  head  of  Loch  Eireboll  the  conspicuous  escarpment  of 
Creag  na  Faolinu  on  the  east  side  of  the  valley,  composed  partly 
of  a  slice  of  Lewisian  gneiss  abont  600  feet  thick,  presents  with 
great  clearnesa  the  tectonic  relations  of  the  rocks.  On  the  west 
side  of  Strath  Beag,  between  Crann  Stacach  and  Folia,  the  thin 
cake  of  Cambrian  quartzite  having  been  partly  removed  (Ca, 
Cb),  the  platform  of  Lewisian  gneiss  (A)  has  been  laid  bare,  pre- 
senting there  its  normal  lithological  characters  and  its  usual 
north-weat  strike.  At  the  head  of  Loch  Eireboll,  to  the  west  of 
the  outlet  of  the  Strath  Beag  River,  the  false-bedded  grits  and 
pipe-rock  follow  in  normal  order,  but  in  the  centre  of  the  valley 
the  evidence  is  concealed  by  alluvial  and  morainic  deposits. 
Crossing  the  river  to  the  south-east  base  of  the  crag,  we  find 
lenticular  masses  of  the  top  zone  of  the  pipe-rock,  fucoid-beds, 
and  serpulite-grit  (Cb,  Cc,  Cd)  repeated  by  reversed  faults,  until 
they  are  abruptly  cut  off  by  the  Arnaboll  thrust,  which  brings 
forward  a  mass  of  the  basal  quartzitea  (Ca)  resting  unconform- 
ably  on  the  Lewisiau  gneiss  (A).  The  piled-up  members  of  the 
Middle  Series,  and  especially  the  Olenelhts  zone,  can  be  followed 
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round  the  base  of  the  crag  to  near 
the  bend  in  the  high  road.  There 
they  are  directly  overridden  by  the 
Lewisian  rocks,  which  form  the 
northern  half  of  the  crag,  and  con- 
sist of  hombleiidic  gneiss  with 
veins  of  pink  granite  and  pegma- 
tite. Though  somewhat  crushed, 
these  rocks  closely  resemble  Lew- 
isian  types  seen  to  the  west.  The 
unconform  ability  of  the  basal 
quartzites  on  tlie  gneiss  above  the 
Amaboll  thrust-plane  can  be  traced 
up  to  the  top  of  the  crag,  where 
both  the  gneiss  and  quartzites  are 
truncated  by  the  Moine  thrust. 
(T'  in  Fig.  24.)  Special  interest 
attaches  to  the  exposure  here  of 
this  upper  disruption-line,  for  on 
the  northern  slope  of  the  hill  the 
plane  of  the  Moine  thrust,  composed 
of  sheared  gneiss,  is  laid  bare  and 
shows  its  lines  of  stretching,  trend- 
ing E.S.E.  and  W.N.W.  Immedi- 
ately above  the  plane,  green,  platy, 
fissile  mylonitic  roc?kB  are  followed 
by  a  great  development  of  epidotic 
flaser-gneiss  and  pegmatite,  with  a 
fine  parallel  banded  structure  con- 
taining knots  and  lenticles,  in 
which  the  original  lithological  char- 
acters have  not  been  effaced.  The 
planes  of  schistosity  in  these  de- 
formed materials  dip  generally  to 
the  E.S.K.— that  is,  more  or  less 
parallel  with  the  plane  of  the  Moine 
thrust.  Eastwards  a  considerable 
mass  of  deformed  gneiss,  in  which 
the  original  structures  are  well  pre- 
served, is  followed  by  a  series  of 
the  Eastern  or  Moiiie  schists. 

A  still  moi-e  conspicuous  ex- 
ample of  a  lenticular  mass  of 
displaced  Lewisian  rocks  overlying 
the  Amaboll  thrust  plane  occurs 
about  a  mile  further  up  Strath  Beag 
on  the  east  aide  of  the  valley 
at  Creag  Earail.  Measuring  about 
a  mile  and  a  half  in  length 
and  three-quarters  of  a  mile  in 
breadth,  it  rises   from   the    100- 
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feet  level  to  a  height  of  over  1000  feet.  It  consists  uiaiuly  of 
grfen  honiblendic  gneiss  with  veins  of  pink  granite  and 
pegmatite.  A  noteworthy  feature  is  the  occurrence  of  the  north- 
west striie  throughout  this  mass,  though  aigna  of  cnjahing  are 
discernihle  and  numerous  veins  of  epidoaite  have  been  developed. 
The  tectonic  structure  precisely  resembles  what  is  seen  at  Creag 
na  Faoilinn,  for  the  Amaboll  thrwst  can  be  traced  round  the 
iiase  of  the  crag,  w^ith  the  piled-up  pipe-roek,  fucoid-beds,  and 
serpulitc-grit  lying  beneath  that  plane,  while  the  crag  is  capped 
witii  an  outlier  of  the  sheared  rocks  above  the  Moine  thrust. 
The  outcrop  of  this  great  displacement  is  \a  be  seen  further  ea«t. 
A  striking  characteristic  of  the  mylonised  materials  accompany- 
ing this  dislocation  is  the  presence  of  a  zone  of  shattery  quartz- 
schist  immediately  above  the  thrust-plane. 

The  mountainous  region  stretching  southwards  by  Foinne- 
Bheinn  and  Beinn  Arcuil  to  Loch  More  furnishes  Jwo  important 
links  in  the  chain  of  evidence  relating  to  the  tectonics  of  this 
northern  region.  In  the  first  place,  it  demonstrates  in  the 
clearest  manner  that  the  piled-up  Cambrian  strata  in  advance 
of  or  west  of  the  Amaboll  thrust  have  themselves  been  driven 
westwards  along  a  plane  or  "  sole,"  separating  the  displaced 
materials  from  the  underlying  undisturbed  strata.  In  the 
ground  above  described  the  proofs  of  this  stnicture  are  concealed 
under  the  waters  of  Loch  Eireboll.  In  the  second  place,  we 
leam  that  the  first  thrust-plane  or  "  sole,"  along  which  the 
heaped-up  Cambrian  strata  have  been  driven,  appears  here  on  a 
lower  IfVf!  than  in  the  tract  north  nf  Ileilim— viz..  on  the 
hori/oh  ui  \\w  Inwi^r  divi^iou  >■[  Ih.'  i|n;u1..iUs,  llcm-e  tbe  zones, 
repeated  by  reversed  faults  above  this  plane  or  "  sole,"  consist 
chiefly  of  a  small  part  of  the  basal  quartzites  (Ca),  all  the  sub- 
divisions of  the  pipe-rock,  together  with  the  fucoid-beds  and 
serpulite-grit  where  these  have  escaped  denudation. 

Fig.  25,  which  gives  a  section  of  the  ground  from  Fionne- 
Bheinn  to  Sabhal  Mor — a  distance  of  five  and  a  half  miles — 
supplies  3  typical  illustration  of  the  structure  of  the  whole  region 
from  Strath  Beag  to  Loch  More  as  regards  the  belt  to  the  west  of 
the  great  disruption- lines.  On  Ceann  Mor  (2980  feet — the 
highest  peak  of  Foinne-Bheinn^ — the  undisturbed  qnartzites 
appear  in  force,  including  the  lower  division  (Ca),  about  300  feet 
thick,  and  the  lower  zones  of  the  pipe-rock  (Cb),  150  feet, 
inclined  to  the  south-east  at  about  15°,  Following  the  ridge 
towards  Creag  Dionard  and  Plat  Reidh,  the  observer  finds  that 
the  members  of  the  arenaceous  scries  are  suddenly  tilted  at 
higher  angles,  and  that,  for  a  long  distance,  the  sub-zones  are 
constantly  repeated  in  the  same  definite  order  by  reversed  faults. 

In  the  unravelling  of  this  type  of  structure  between  Stratb 
Beag  and  Loch  More,  tbe  sub-divisions  of  the  pipe-rock,  and 
particularly  Sub-zone  III.,  with  the  "trumpet"  pipes  and  the 
oand  of  quartzito  containing  Salterella  associated  with  it,  have 
been  found  to  be  of  great  service.  The  minor  displacements  are 
clearly  exhibited  in  many  clifi  sections,  notably  in  the  great 
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precipices  overlooking  Strath  Dionard 
(Slieet  114),  in  the  lofty  crag  above 
Loch  na  Tuaidh  on  the  north-east  side 
of  Beinn  Arkle  (or  Arcuil),  and  on  the 
ridge  between  Strath  Dionard  and 
Strath  Beag,  where  the  relation  of  the 
reversed  faults  to  the  undisturbed 
strata  beneath  is  apparent.  A  careful 
examination  of  the  last  of  these  sectiouB 
shows  these  minor  displacements  to  be 
branches  ot  an  underlj-ing  thrust, 
whose  plane  approximately  coincides 
with  the  bedding  planes  of  the  basal 
quartzites.  The  outcrop  of  this  major 
thnist-plane  follows  a  very  einuoae 
course.  Ascending  the  hill-slope  west 
of  Strath  Beag,  it  crosses  the  ridge 
north  of  Conamheall,  thence  to  the 
foot  of  Loch  Dionai-d,  and  across 
Foinne-Bheinn  to  Loch  na  Tuaidh. 
From  that  point  it  curves  round  the 
northern  face  of  Beinn  Arkle,  thence 
south-eastwards  by  Allt  a  Chuim 
above  Lone,  till  it  is  concealed  under 
a  covering  of  peat  and  turf.  Its  posi- 
tion near  the  top  of  the  basal  quartzites 
is  remarkably  constant,  and,  as  might 
be  expecte<l,  it  has  given  rise  to  a 
prominent  stmctural  feature  which 
T»ot  only  interrupts  the  continuity  of 
the  quai'tzites,  but  has  influenced  the 
denuding  agents  in  their  operations. 
At  certain  localities  the  piled-up  strata 
lying  at  an  oblique  angle  to  the  plane 
have  been  stripped  off  and  the  surface 
of  the  plane  of  disruption  has  been 
laid  bare — as,  for  example,  in  the  deep 
corrie  of  Am  Bathaich,  on  the  south 
side  of  Beinn  Arkle,  and  on  the  floor 
of  Coire  na  Lurgainn  between  Cir 
Gomi  and  Oreag  Dionard.  (Fig.  25.) 
Immediately  above  this  major  thrust- 
plane  or  "  sole,"  thin  wedges  of  basal 
quart zite  appear  in  the  piled-up 
materials,  but  on  the  top  of  the  Plat 
Kcidh  (Fig.  25),  on  the  ridge  of 
Conamheall,  and  on  Beinn  Arkle  the 
pipe-rock  alone  is  exposed  with  strips 
of  Fucoid-beds  at  intervals.  The  out- 
crops of  the  reversed  faults  on  these 
lofty  plateaux  are  usually  indicated  by 
long  narrow  hollows  occupied  by  the 
remnants  of  the  dolomitic  shales. 
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At  certaiii  localities  this  system  of  reversed  faults  ia  accom- 
panied by  folding — as,  for  example,  on  the  face  of  Creag 
Uionard  (Fig.  25),  which  becomes  more  pronounced  eastwards 
near  the  Amaboll  or  Moine  thrusts.  It  is  worthy  of  note  that  by 
this  system  of  reversed  faults  and  folds  the  quartzitea  on  the  Plat 
Reidh  and  on  Ben  Arcuil  are  reduplicated  till  they  appear  to  he 
about  two  and  a  half  times  their  normal  thickness. 

Eastwards  from  the  Plat  Reidh  at  An  Dubh  Loch  (Fig.  26) 
the  piled-up  Cambrian  strata  are  truncated  by  the  ArnaboLl 
thrust,  which  has  brought  forward  a  mass  of  Lewtsian  gneiss. 
Beneath  this  thrust-plane  the  fucoid-beds,  serpulite-grit,  and 
occasionally  the  basal  dolomite,  with  an  imbricate  structure 
similar  to  that  at  Heilira  (Fig.  20),  are  exposed,  particularly  on 
the  south  and  west  sides  of  An  Dnbh  Loch.  It  is  not  improbable 
that  the  comparatively  even  surface  of  the  Plat  Heidh  may  be 
due  to  the  former  westward  continuation  of  the  ArnaboU  thrust 
at  a  comparatively  small  height  above  its  present  level.  The 
displaced  gneiss  overlying  this  plane,  which  is  trace- 
able for  two  miles  from  Loch  an  TJIabhith  to  Loch  Fir 
Dhurintiis,  is  more  deformed  than  the  mass  occui)ying  the  same 
relative  position  on  Creag  Earail  in  Strath  fieag,  already 
described.  The  original  strike  has  been  nearly  obliterated,  and 
the  honiblendic  rocks,  associated  with  much  pink  pegmatite, 
are  traversed  by  numerous  veins  of  epidorite. 

East  of  these  displaced  Lewisian  rocks  lies  the  Moine  thrust, 
whose  outcrop  in  this  region  usually  gives  rise  to  a.  prominent 
feature  in  the  landscape.  Here  it  appears  at  the  base  of  a  steep 
slope  of  green  ^ehist,  in  which  the  foliation  jjlanes  dip  south- 
eastwards  at  low  angles.  First  in  order  above  the  "  sole  " 
come  green  platy  and  frilled  schists,  the  latter  being  highly 
crumpled,  and  forming  a  well-marked  zone  on  the  west  face  of 
Meall  a'  Chuirn,  These  are  succeeded  by  the  normal  siliceous 
granulitic  schists,  which  have  been  traced  southwards  from  the 
ridge  east  of  Eireboll. 

One  final  feature  regarding  the  tectonics  of  this  northern 
district  remains  to  be  noted,  in  the  behaviour  of  the  Moine  thrust 
relatively  to  the  underlying  strata,  when  followed  along  the 
strike  southwards  from  the  Eireboll  region.  Evidence  has  been 
adduced  to  show  the  irregular  distribution  of  the  masses  of 
Lewisian  gneiss  above  the  Arnaboll  thrust-plane,  a  feature 
which  was  noted  by  previous  observers.  These  masses  appear 
as  narrow  belts  or  lenticles,  which  are  overlapped  by  the 
materials  above  the  Moine  thmst-plane,  pointing  to  a  complete 
discordance  between  the  two.  Hence  we  find,  at  various 
localities  between  Loch  Eireboll  and  Loch  More,  that  the 
Eastern  schists,  driven  westwards  by  the  Moine  disruption,  are 
frequently  placed  directly  above  the  displaced  Cambrian  strata, 
both  havmg  a  common  dip  in  a  south-easterly  direction.. 
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CHAPTER  XXXIV. 

GEOLOGICAL       STRUCTURE       OF       THE       GROUND 
BETWEEN   LOCH  MORE  AND  LOCH  GLENCOUL.* 

This  tract  of  less  elevated  ground  comprised  in  Sheets  107 
and  108  of  the  map,  affords  many  striking  developments  of  the 
characteristic  tectonic  features  of  the  North- West  Highlands. 
These  will  be  most  conveniently  illustrated  by  a  series  of  trans- 
verse sections. 

At  the  north  end  of  the  district  a  striking  contrast  is  observ- 
able between  the  two  sides  of  Loch  More.  On  the  south-west 
side  the  higher  slopes  of  thrust  Cambrian  rock  are  composed  to 
a  large  extent  of  fucoid-shale,  serpulite-grit,  and  limestone, 
but  those  on  the  north-east  side  consist  of  quartzite,  which  there 
rises  higher  and  covers  a  much  larger  surface.  On  the  north- 
east side,  also,  the  Cambrian  rocks  extend  a  mile  further  to  the 
south-east  than  on  the  opposite  side.  The  quartzite  at  the  foot 
of  Loch  More  is  partly  obscured,  but  does  not  seem  appreciably 
displaced  by  a  fault  that  runs  up  the  loch.  But  a  W.N.W. 
fault,  hading  and  throwing  down  to  south-west,  is  seen  in  Strath 
an  Staca,  and  if  continued  in  an  E.S.E.  direction  it  would  trend 
along  the  loch .  The  contrast  here  referred  to  may  perhaps  be  due 
to  some  obscure  thrust  hidden  in  the  loch. 

At  the  noi*th-west  end  of  the  section  shown  in  Fig.  26,  the 
Lewisian  gneiss  (A)  is  covered  unconformably  by  the  quartzite 
(Ca,  Cb),  which  has  a  gentle  dip  towards  E.S.E.  These  rocks 
retain  their  original  relations  to  each  other.  But  immediately 
above  them  come  masses  of  Cambrian  rock  which  have  been 
moved  from  the  E.S.E.,  and  disturbed  by  many  thrusts  and 
folds.  It  will  be  seen  that  in  the  south-eastern  half  of  the 
section  a  small  inlier  of  the  gneiss  emerges  from  beneath  a  mass 
of  thrust  and  folded  quartzite,  and  is  itself  folded,  so  that  its 
north-western  side  is  reversed,  and  the  quartzite  (Ca)  appears 
to  dip  below  the  gneiss.  The  basal  conglomerate  of  the 
quartzite,  however,  is  exposed,  showing  that  the  junction  of  the 
two  rocks  is  an  unconformable  one.  This  gneiss  and  the 
Cambrian  rocks  overlying  it  probably  rest  on  the  Glencoul 
thrust-plane,  on  which  the  thick  masses  of  gneiss  have  been 
driven  forward  which  appear  above  the  unthrust  quartzite  at 
Loch  Glendhu  and  Loch  Glencoul.     A  little  south  of  the  line  of 
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section  this  thrnst  is  distin- 
guished from  the  others  by 
these  (iverlying  masses  of 
gneiss,  but  iiirther  north,  at 
Loch  na  Creige  Duibhe,  the 
f^eisa  on  the  thrust  is  covered 
iiiictmformablj'  by  the  quart- 
zite  and  other  Cambrian  rocks, 
and  the  beds  on  either  side  of 
it  are  of  much  the  same  char- 
acter, so  that  it  becomes  un- 
cei-tain  which  of  the  thrusts 
on  the  north  side  of  the  locli 
represents  the  Glencoul thrust. 

Over  the  thrust  Cambrian 
strata  lie  several  other  higher 
masses  of  rock,  which  have 
jwrhaps  been  carried  from 
much  greater  distances.  The 
lowest  mass  is  chiefly  of  Lew- 
isiau  granitic  gneiss  (A'),  the 
next  is  a  mylonised  rock,  and 
the  third  Moine-scbist.  The 
mylonised  rock  forms  several 
very  distinct  outliers  in,  and 
near,  the  noi-th-west  half  of 
the  section,  but  the  Maine- 
schist  (M)  only  occurs  near 
the  south-east  end.  We  shall 
spe-ak  further  of  these  higher 
masses  after  completing  the 
description  of  the  lower. 

At  the  north-west  end  of 
the  section  the  boundary  be- 
tween the  basal  quartzite  (Ca) 
and  the  pipe-rook  (Cb)  ap- 
pears to  be  undisturbed,  but 
befoi-e  the  serpulite-grit  is 
reached  a  low-angled  thrust 
or  sole  intervenes,  on  which 
are  piled  up  stripes  of  quart- 
zite and  fucoid-shaie.  On  the 
nortli-east  side  of  the  line  of 
section  some  of  the  minor 
thrusts  have  been  folded,  and 
higher  thrusts  occas ionally 
override  lower  ones.  About 
a  quarter  of  a  mile  south  of 
the  Loch  more  shepherd's 
house  the  Cambrian  rocks 
are  found  ou  the  south  side 
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of  some  of  the  granitic  gneiss  and  at  a  much  higher 
level  than  to  the  west.  Perhaps  this  is  owing  to  a  fold 
of  slightly  later  date  than  the  thrust  on  which  these  rocks  were 
brought  forward.  The  Cambrian  rocks  in  the  centre  and  near 
the  south-east  end  of  the  section,  which  overlie  the  gneiss  inlier, 
and  which  are  supposed  to  be  on  the  Glencoul  thrust,  appear 
to  be  disturbed  by  fewer  thrusts  than  those  on  the  "  sole  "  near 
the  north-west  end. 

The  pipe-rock  forms  in  one  place  a  folded  outlier  on  the  basal 
quartz ite,  on  the  south-east  side  of  which  the  dip  is  reversed,  the 
pipe- rock  appearing  to  dip  under  the  basal  quartzite.  A  little 
further  to  the  south-eaat  the  base  of  the  quartzite  (Ca)  is  seen 
with  its  conglomerate,  containing  pebbles  of  quartz  two  or  three 
inches  long.  These  strata  dip  under  a  thin  banded  homblendic 
gneiss — part  of  the  inlier  of  Lewisian  gneiss  already  referred  to. 
Beyond  the  inlier  the  basal  quartzite  and  the  pipe-rock  appear 
in  their  natural  position,  but  they  are  considerably  folded. 

The  quartzite  around  the  gneiss  inlier  forms  a  folded  dome 
nearly  a  mile  and  a  quarter  long  from  north-west  to  south-east, 
and  a  mile  broad.  The  general  dip  on  all  sides  is  directed  away 
from  the  centre.  On  the  north-east  and  south-west  sides  the 
strike  runs  nearly  at  right  angles  to  the  general  strike  of  most 
of  the  thrusts  and  axes  of  fold  belonging  to  the  great  post- 
Cambrian  movements.  A  north-westerly  strike  also  prevails  in 
the  Moine-schists  on  the  north-east  side  of  the  dome,  but  does 
not  appear  in  the  unthrust  quartzite.  We  conclude,  therefore, 
that  the  north-west  strike  was  probably  developed  while  the 
thrust-movements  were  in  progress. 

In  some  of  the  bands  of  pipe-rock  in  the  dome  the  pipes, 
which  in  the  undeformed  rock  are  perpendicular  to  the  bedding, 
have  been  dragged  into  a  diagonal  position,  the  deformation 
being  greatest  in  the  zones  in  which  there  is  some  admixture  of 
shaly  material.  About  1500  yards  S.S.W.  from  the  top  of 
Beinn  Lice  the  angle  between  the  pipes  and  the  bedding  is  in 
some  bands  not  more  than  45°,  while  in  others  it  amounts  to 
about  70°. 

Near  the  south-east  end  of  the  section  drift  comes  on  again, 
but  between  the  quartzite  and  the  Moine-schist  cream-coloured 
compact  limestone,  probably  part  of  the  Eilean  Dubh  division, 
makes  its  appearance.  The  limestone  is  divided  into  thin 
laminae  dipping  23°,  in  a  direction  22°  north  of  east,  which 
display  minute  flakes  of  white  mica  on  their  surfaces,  and 
stretching  lines  which  run  nearly  east  and  west.  The  extent 
to  which  the  limestone  has  been  altered  suggests  either  that  it 
lies  on  some  higher  thrust  than  the  quartzite,  or  that  it  has  been 
altered  by  some  agent  besides  dynamo-metamorphism.  A  small 
exposure  of  dioritic  rock  (27f35),  seen  a  little  north-west  of  the 
limestone,  may  belong  to  a  thin  intrusive  sheet  within  the  lime- 
stone. This  sheet  possibly  crosses  the  line  of  section,  and  may 
have  caused  part  of  the  alteration.  It  is  the  most  northerly  of 
the  thrust  post-Cambrian  intrusive  rocks,  and  lies  seven  or  eight 
miles  further  north  than  any  similar  unthrust  intrusion. 
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The  thrust  gneiss  overlying  the  Cambrian  masses  in  the  north- 
western half  of  the  section  (A')  mainly  cnnsists  of  a  red  granitic 
gnsias  like  those  near  Laxford,  but  closely  intermixed  with 
many  pegmatites  and  some  dark-grey  crushed  bands  of  uncertain 
nature.  Owing  to  the  brecciafion  which  this  gneiss  has  under- 
gone, its  pre-Tonidonian  foliation  is  rarely  distinct  for  more 
than  a  few  yards.  To  find  in  the  unthrust  area  similar  granitic 
gneisses  we  must  go,  not  to  the  nearest  unthrust  gneiss  in  a 
W.N.W,  direction,  but  to  the  sides  of  Loch  Stack,  some  two  or 
three  miles  to  the  north — chiefly  on  account  of  the  difference 
between  the  strike  of  the  large  masses  of  unthrust  gneiss  and  the 
direction  of  movement  of  the  thrusts,  seeing  that  the  general 
trend  of  these  movements  lay  IS^  or  16°  nearer  east  and  west 
than  the  strike  of  the  gneiss.  It  is  quite  possible  that  the 
granitic  gneiss  in  the  section  may  have  been  thrust  forward  from 
a  distance  of  nine  or  ten  miles. 

The  thnist  which  brings  on  the  granitic  gneiss  has  in  most 
places  a  gentle  E.S.E.  inclination,  but  about  700  yards  south  of 
Iiochmore  Lodge  it  becomes  vertical  with  an  east  and  west  strike. 
About  1000  yards  south-east  from  the  Lodge  it  inclines  steeply  to 
Bonth-west-  The  change  of  direction,  and  the  rise  in  level  of  the 
boundary  of  the  gneiss  observable  about  a  quarter  of  a  mile 
south  of  Lochmore  shepherd's  house,  may  possibly  indicate  a 
folding  of  the  thni.st-plane.  On  the  south  wide  of  the  gneiss  we 
have  suggested  in  the  section  that  the  thrusts  may  also  be 
reversed  by  folding  along  axial  planes  inclining  south-east,  for 
in  some  e.^posurea  the  dip  is  eoutheriy,  as  if  the  limestone  were 
lying  over  the  mylonised  rock. 

Nearly  three-quarters  nf  a  mile,  T^.N.K.  ti'om  the  head  of 
Locb  na  Creige  Duibhe,  and  only  a  little  distance  north-east  of 
the  line  of  section,  considerable  areas  of  limestone  dipping  south- 
east are  exposed.  The  limestone  seems  at  first  to  lie  within  the 
mylonised  rock,  but  it  is  so  little  altered  that  we  at  once  recc^- 
nise  that  the  western  part  belongs  to  the  Ghrudaidh  and  the 
eastern  part  to  the  Eilean  Dubh  sub-divisions.  It  is  difficult  to 
explain  how  the  limestone  can  have  escaped  with  so  little  altera- 
tion if  it  really  lay  in  the  mylonised  rock;  possibly  it  may  be 
intercalated  between  this  rock  and  the  granitic  gneiss.  The 
mylonised  rock,  of  a  dark-grey  colour,  and  finely  laminated, 
forms  a  striking  contrast  with  the  granitic  gneiss.  Eight  or 
nine  outliers  of  it  rest  on.  or  partly  on,  the  granitic  gneiss,  two 
of  the  most  conspicuous  of  which  are  crossed  by  the  line  of 
section.  The  rock  shows  a  sericitic  lustre  on  the  parallel  shear- 
planes,  and  contains  many  small  eye-shaped  bits  of  red  felspar, 
together  with  some  larger  red  masses,  some  as  much  as  several 
yards  long  and  several  feet  broad.  Some  of  the  masses  seem  to 
be  composed  of  mylonised  pegmatite,  but  others  may  have  been 
derived  from  a  granitic  gneiss  like  that  below.  The  shear- 
planes  of  the  grey  i-ock  are  much  puckered,  but  their  general  dip 
is  E.S.E.  or  south-east,  and  frequently  at  rather  high  angles. 
About  350  yards  north-east  of  the  mouth  of  the  burn  at  the  head 
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of  Loch  na  Creige  Duibhe  the  thmst-plaae  between  the  grey 
rock  and  the  granite  gneiss  is  distinct,  and  it  is  here  observable 
that  the  lamina  in  the  grey  rock  sometimeB  dip  more  steeply 
than  the  plane.  The  stretching  linea  in  the  myloniaed  rock  run 
slightly  north  of  west,  a  direction  about  20°  nearer  east  and 
west  than  that  of  the  dip 
of  the  planes  which  they 
traverse.  On  the  hill  three- 
quarters  of  a  mile  sonth- 
weat  from  Lochmore  shep- 
herd's house  they  are  iniu- 
cated  by  trains  of  small 
granules  of  epidote. 

It  is  uncertain  what  the 
rock  was  from  which  the 
grey  mylonised  rock  has 
been  chiefly  formed,  but  it 
seems  to  contain,  as  already 
indicated,  some  pieces  which 
may  be  mylonised  granitic 
gneiss.  On  the  north-east 
side  of  the  line  of  section 
it  is  difficult  to  draw  a  line 
between  this  mylonised 
rock  and  the  holo-crysta!- 
line  Moine-schists  of  Beinn 
Lice. 

The  section  (Fig.  27),  in 
a  general  N.E.  direction, 
crosses  a  tract  where  many  of 
the  rocks  and  thrusts  have  a 
north-westerly  strike,  and 
have  been  folded  along  ases 
wliicli  are  nearly  at  right 
angles  to  the  general  direc- 
tion of  movement  of  the 
post  -  Cambrian  thrusts. 
This  north-westerly  strike 
is  found  not  only  in  many 
of  the  Cambiian  masses, 
but  also  in  the  Moine- 
schists.  All  the  Cambrian 
and  Lewis  ian  rocks  have 
no  doubt  been  covered  by 
*"  *        an  arch  of  Moine-schist  (in- 

dicated by  the  dotted  line 
in  Fig.  27) ,  but  the  upper  and  central  parts  of  the  arch  have  been 
denuded  so  as  to  expose  the  rocks  below  the  schist  for  a  mile  or 
more  further  east  than  they  can  be  seen  on  either  side  of  the 
arch, 

Below  the  Moine-schist  (M)  and  a  band  of  myloniaed  rock 
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wKich  often  underlies  it,  u  lai^e  mass  o(  Cunbrian  and  Lewisiao 
rocka,  confused  with  thrusts,  reposes  on  Hm  Gleocoul  thrust- 
pluQe.  Tlie  north -east  em  part  of  thii  HUH  form^  the  great 
dome  above  referred  to  in  the  dei^erintion  ot  Fig.  2(i.  The 
soutli-weateru  part  is  so  much  di^^turbed  by  thrusts  that  iU 
Btnicture  is  difficult  to  make  out,  but  iirolmb^  the  greater  part, 
if  not  alt,  of  it  lies  on  thrusts  which  orenide  the  dome.  .None 
of  these  thrusts,  however,  are  seen  botreeoi  the  dome  and  the 
Moine-schists  at  the  noi-th-easterii  end  td  tile  section,  nor  are 
they  80  numerous  at  the  south- western  Wid  as  they  are  a  little 
further  towards  the  north-east,  as  showB  in  the  figure.  But  for 
the  folding  along  north-we^t  axes,  and  tbe  denudation  of  the 
Moine  arch,  the  higher  masses  now  laid  bare  might  never  have 
been  exposed.  The  north-eastern  end  ai  the  section,  and  more 
than  half  of  the  Cumbrian  dome,  are  so  covered  by  drift  that 
many  of  the  rocks  which  we  suppose  to  OOCOX  iu  this  area  are 
not  seen  for  considera  nie  distances  from  the  line  of  section.  We 
shall  describe  fii-st  the  Cambrian  and  Letmua  locks  to  the  south- 
west of  the  dome,  and  then  the  mylonised  locks  and  Moinc- 
Hchist. 

The  rock  on  the  60uth-we!*t  side  of  the  aerpulite-grit  (Cd)  in 
the  south-west  limb  of  the  dome  is  gnoin,  beyond  which  lies  a 
band  of  basal  qnartiiite  (Ca),  probably  i^epanted  from  the  gneiss 
by  a  thrust  or  no  great  magnitude.  In  an  adjacent  exposure 
the  basal  quartzil«  can  be  seen  lyin^  onconformably  on  the 
gneiss,  which  contains  patches  of  sheantd  agalmntolite.  On  the 
south-western  side  of  the  basal  (]uartzil6,JioweTer,  a  thrust  must 
intervene,  for  there  the  sei-pulite-grit  ((M)  and  fucoid-ahale  (C«) 
appear,  the  lalliT  converteil  in  jilnce-i  into  a  lustrous  schist. 
Beyond  these  GambriaD  formations  the  Lewisian  gneiss  comes  on 
again  (A).  Its  boundary,  which  can  be  easily  traced,  is  found 
to  be  twisted  into  a  syncline  with  north-west  axis.  On  the 
north-east  side  of  Loch  Strath  nan  Asinnteach,  the  same  gneiss 
is  overlain  unconformably  by  the  basal  quartzite,  and  a  mass  of 
gneiss  and  quartzite  seems  to  rest  on  a  still  higher  thrust-plane. 
A  junction  of  the  quartzite  and  the  gneiss  mass  which  joins  the 
gneiss  at  the  top  of  the  section  is  well  seen  about  300  yards  east 
of  the  outlet  of  Loch  Strath  nan  Asinnteach,  but  the  two  rocka 
have  been  so  much  sheared  that  the  unconform ability  between 
them  is  to  a  large  extent  masked. 

On  the  south-west  side  of  the  highest  gneiss  in  the  syncline 
more  masses  of  gneiss  and  Cambrian  strata  appear  to  crop  out 
than  on  the  opposite  side.  Perhaps  several  of  them  lie  on  one 
thrust,  like  the  piled-up  stripes  on  the  low-angled  thrust  or 
sole  near  the  north-west  end  of  the  section  in  Fig.  26.  The 
thrusts  have  sometimes  brought  rocks  high  in  the  original  un- 
disturbed sequence  over  others  which  are  lower — -for  instance,  the 
pipe-rock  sometimes  lies  directly  on  the  gneiss  without  the 
intervention  of  any  basal  quartzite.  Some  of  the  thrust  maaaes 
of  basal  quartzite  and  pipe-rock  include  sheared  intrusive  sills, 
which  cannot  all  be  shown  in  the  section.     One  sill  generally 
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appears  a  little  above  the  base  of  the  quartzite,  and  another  a 
little  above  the  base  of  the  pipe-rock.  Some  of  the  rocks  in 
these  thrust  masses  have  been  greatly  deformed.  Thu6,  in  a 
bum  nearly  a  quarter  of  a  mile  south-west  from  the  foot  of  Loch 
Strath  nan  Asinnteach,  an  exposure  may  be  seen  of  basal 
quartzite  in  which  some  of  the  pebbles  are  two  inches  long 
though  only  J-inch  broad,  and  the  long  axes  of  all  those  on  the 
same  slab  are  parallel,  generally  trending  about  west  3°  north, 
but  sometimes  west  24°  south.  Some  of  tne  felspar  pebbles  have 
been  repeatedly  cracked  almost  at  right  angles  to  the  long  axee, 
and  the  cracks  are  filled  with  quartz.  Further  up  the  same 
burn  the  conglomerate  at  the  base  of  the  quartzite  is  represented 
by  a  thin  streak  of  pale  yellow  sheared  rock,  perhaps  formed 
chiefly  from  agalmatolite,  which  contains  pebbles  of  quartz.  The 
total  thickness  of  the  basal  quartzite  and  of  four  thin  sheared 
intrusive  sheets  which  occur  in  it  is  here  only  about  30  or  40 
feet. 

In  Gleann  Dubh  bum,  about  700  yards  below  the  outlet  of 
Loch  Strath  nan  Asinnteach,  for  a  few  feet  above  and  below  an 
exposure  of  a  thin  stripe  of  basal  quartzite,  the  gneiss  has  been* 
greatly  sheared,  especially  the  south-western  portion  of 
the  mass,  its  chief  planes  being  parallel  to  those  in 
the  quartzite.  The  exposure  of  gneiss  shown  at  the 
south-west  end  of  the  section  in  Fig.  27,  just  under 
the  Moine-schist,  is  part  of  this  sheared  mass.  It  is 
mixed  with  many  thin  stripes,  from  a  few  feet  to  some  yards  in 
length,  of  basal  quartzite,  at  least  nine  of  which  can  be  seen  in 
a  space  less  than  170  yards  long.  The  gneiss  and  quartzite  are 
here  so  mixed,  and  have  their  chief  planes  so  parallel,  that  they 
may  be  considered  to  form  a  new  complex. 

The  Moine-schists  (M)  at  the  north-east  end  of  the  section  are 
chiefly  siliceous  granulitic  flagstones,  folded  into  isoclines  with 
both  limbs  dipping  at  gentle  angles  slightly  to  the  north  of  east. 
The  mylonised  rock  represented  below  the  schist  is  not  actually 
seen  in  the  line  of  section,  but  it  may  be  there  concealed  under 
drift. 

The  section  (Fig.  28)  is  drawn  through  a  tract  in  which  the 
Glencoul  thrust  is  very  clear,  and  from  which  it  can  be  traced  for 
many  miles  to  the  south.*  It  is  by  this  dislocation  that  the  great 
masses  of  gneiss  which  form  Beinn  a'  Bhutha,  Beinn  Aird  da 
Loch,  and  Cnoc  na  Creige  have  been  driven  over  the  quartzite. 
Some  of  these  masses  are  more  than  1700  feet  thick  and  at  least 
several  miles  broad.  This  important  displacement,  known  as 
the  Glencoul  thrust,  is  not  that  which  has  brought  forward  the 
granitic  gneiss  in  the  section  shown  in  Fig.  26.  At  the  head  of 
Loch  na  Creige  Duibhe  the  granitic  gneiss  has  been  thrust  over 
Cambrian  limestones,  which  rest,  without  much  disturbance, 
upon  the  serpulite-grit,  fucoid-shale,  and  quartzite  on  the  north- 

*  It  has  been  figured  and  described  by  Dr.  Callaway.  "The  Age  of  the 
Newer  Gneissic  Rocks  of  the  Northern  Highlands."  Quart.  Joum.  Geol.  8oe,, 
vol.  xxxix.,  p.  373. 
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eaatern  side  of  Beinn  a'  Bhutha.     These  Cambrian  rocks  below 
the  thrust  extend  E.S.E.  for  more  than  a  mile,  and  as  they  dip 

N.N.E.  more  steeply  tb&n 
the  slope  of  the  ground 
the  mass  of  gneiss  which 
lies  un  con  form  ably  below 
the  quartzite  soon  appears 
towards  W.  S.  W.  Thia 
gneiss  must,  therefore,  lie 
below  the  granitic  gneiss, 
and  the  Glencoul  thrust 
which  has  carried  it  for- 
ward muBt  lie  below  the 
thrust  which  brought  up 
the  gi-anitic  gneiss. 

The  Glencoul  thmst  may 
possibly  lie  directly  in  cer- 
tain places  on  unthmst 
Cambrian  rocks,  but  in 
other  places  a  thruat  mass 
of  considerable  thickneaa 
».  —  E.  >e  '^  interposed  between  it 
/  j/'         ?      S  and  the  undisturbed  quart- 

"      jj     -^       zite.        The      intervening 
^  5  material,     which    coiisiats 

ja  mainly  of  thin   stripes  of 

^M  «  Cambrian  strata,  often  dip- 
.9  S  u  ping  steeply  and  separated 
•5  ^  "r  from  One  another  by  steep 
§f2.S  minor  thrusts  sometimes 
XE  S  '■eats  on  a  low-angled  thruat 
■s  .  or  sole  wJiich  lias  nearly 
^  ^  the  aame  inclination  as  the 
M,  li  Glencoul     thruat.        (Fig. 

1  °  28.) 

e  ^  The     mass     of      gneiss 

.|b  brought    forward    by  the 

6  J  Glencoul  thrust  is  covered 

S  at.  various   places,   besides 

■  O  the    north -east     side     of 

l-j  Beinna  Blmtlia,  by  Cam- 

jju  brian  strata  whicli  rest  on 

c  it  u» conformably,  and  are 

;|  frequently      crossed       by 

I  steep     lines     of     rupture, 

"^  piobably  formed  while  the 

■<  mass     was     being    thrust 

forward.  But  no  dis- 
placements comparable  in  magnitude  to  the  Glencoul  thrust  are 
met  with  until  near  the  south-east  end  of  the  section,  where,  over- 
lying the  Cambrian  rocks,  sheared  Lewisian  gneiss  and  schist 
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oi  the  Moine  series  have  been  brought  forward  by  different 
thrusts  with  gentle  inclinations  in  an  E.S.E.  direction. 

In  the  line  of  section  followed  in  Fig.  28,  the  Glencoul  thrust- 
plane  is  not  actually  exposed  at  the  surface,  but  on  the  north  side 
of  Loch  Glencoul  it  overlies  fucoid-shale,  and  this  horizon  has 
perhaps  often  formed  a  plane  of  weakness  along  which  the 
rupture  has  proceeded.  Between  Aird  da  Loch  and  the  head  of 
Loch  Glencoul,  a  distance  of  about  a  mile  and  a  half,  the  out- 
crop of  the  thrust-plane  descends  from  about  700  feet  to  the  sea- 
level,  with  a  general  inclination  of  about  7°  in  an  E.S.E.  direc- 
tion. This  slope  is  less  than  the  average  dip  of  the  quartzite 
below,  and,  as  for  some  distance  on  the  north  side  of  Loch  Glen- 
coul the  thrust-plane  is  nfearly  flat  or  even  inclines  towards 
north-west,  the  mass  of  strata  between  the  quartzite  and  the 
overlying  gneiss  increases  in  thickness  towards  the  upper  end  of 
the  inlet. 

The  gneiss  (A)  just  above  the  Glencoul  thrust-plane  has  been 
sheared  and  is  crossed  by  bands  of  crushed  gneiss  parallel  to 
the  plane  of  movement.  A  little  above  that  plane,  however,  the 
pre-Torridonian  banding  in  the  gneiss  becomes  quite  distinct, 
and  in  many  places  can  be  seen  to  strike  nearly  at  right  angles  to 
the  thrust-plane.  The  Lewisian  rocks  here  exposed  differ  litho- 
logically  from  those  in  the  unthrust  area  lying  to  the  west  of 
them.  They  contain  many  thick  red  pegmatites,  which  in  the 
unthrust  gneiss  are  rare.  On  the  other  hand,  while  basic  dykes 
of  pre-Torridonian  age  are  numerous  in  the  unthrust  gneiss, 
they  appear  to  be  absent  from  the  thrust  gneiss  beyond  half  a 
mile  north  from  Glen  Coul.  In  the  unthrust  gneiss  the  belt 
which  in  respect  of  pre-Torridonian  features  most  resembles  the 
thrust  gneiss  of  this  locality  lies  some  miles  further  to  the 
north.*  The  thrust  gneiss  and  pegmatites  of  Beinn  a'  Bhutha 
and  Beinn  Aird  da  Loch  are  crossed  and  slightly  faulted  by 
many  thin  epidotic  strings,  having  no  general  direction,  and 
probably  produced  during  the  thrust-movements. 

About  a  mile  from  the  south-east  end  of  the  section  in  Fig.  28 
the  basal  quartzite  can  be  seen  to  rest  on  the  thrust  gneiss  and 
to  dip  to  the  east.  The  boundary  between  the  two  rocks  pro- 
bably keeps  along  the  original  unconformable  junction,  for 
some  of  the  pegmatites  under  the  quadzite  contain  sheared 
agalmatolite — a  material  rarely  found  except  near  the  old  pre- 
Cambrian  floor.  Yet  there  has  been  enough  of  movement  along 
the  junction  to  produce  parallel  shear  planes  in  the  gneiss.  On 
either  side  of  the  line  of  section  a  thin,  somewhat  sheared  intru- 
sion of  porphyrite  appears  at,  or  near,  the  base  of  the  quartzite. 
The  pipe-rock  succeeds  the  basal  quartzite,  but  before  we  reach 
the  top  a  line  of  compact  crush  (t),  hading  towards  west  in  some 
places,  brings  on  the  gneiss  again,  covered  unconformably  by  the 
basal  quartzite  dipping  E.S.E.  Another  crush  line  (t)  is  soon 
crossea,  and  we  then  enter  an  area  of  gneiss  rather  more  than 

•  The  N.E.  belt  described  in  Ch.  IX. 
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300  yards  broad,  at  the  further  side  of  which  a  thin  band  of  horn- 
blende-porphy  rite  {273C)  occupies  a  narrow  depression,  and  clings 
tn  tbe  base  of  the  quartzite  for  a  great  distance  (F).  Higher  up 
in  the  succession  comes  the  pipe-rock  in  its  natural  position, 
followed  by  an  obscure  area  which  is  probably  underlain  by  thin 
stripes  of  fiicoid-sbale,  scrpu lite-grit,  and  limestone,  disturbed  by 
occasional  favlls.  Thougn  not  seen  along  the  line  of  section,  at 
least  six  of  these  faults  break  through  the  buse  of  the  basal 
quartzite,  the  porphyrite,  or  the  pipe-rock,  a  little  further  to  the 
north.  They  strike  nearly  north  and  south,  and  have  a  hade  and 
downthrow  towards  the  west.  They  closely  resemble  the  lines  of 
compact  crush  just  referred  to,  and,  like  them,  hade  in 
the  direction  of  downthrow — differing  in  this  respect  from 
the  common  thrusts — but,  on  the  other  hand,  tney  twist 
more  frequently  and  suddenly  than  mofit  normal  faults. 
They  end  in  a  northerly  direction  at  a  line  of  thrust 
which  strikes  W.N.W-,  and  which  emei-ges  from  below 
the  great  thi-ust  that  brings  on  the  gneiss  at  the  south-east  end  of 
the  section.  They  not  improbably  form  part  of  the  series 
of  dislocations  produce<l  during  the  thnist-niovements. 

The  highest  member  of  Ihe  Oambrian  series  here  exposed  is  the 
Ghrudaidh  limestone,  which  is  seen  under  the  gneiss  and 
crumpled  schist  at  the  soutb-eait  end  of  the  section.  The  gneiss 
overlying  the  limestone,  which  is  a  much-sheared  part  of  the  band 
shown  at  the  sonth  end  of  the  section  in  Fig,  27,  encloses  many 
thin  streaks  of  highly-sheared  basal  ouarfzite,  as  well  as  other 
siliceous  streaks  of  more  uncertain  cliaracter.  Near  Lochaiu 
Feith  an  Leotliaid  sonjo  rnl  niylonised  sliij)ps,  which  may  have 
been  formed  from  pegmatites,  are  nearly  parallel  to  one  another 
and  to  the  chief  snear-planes,  so  as  to  give  the  rock  a  flaggy- 
appearance.  The  shear-planes  are  contorted  and  crossed  by 
many  almost  horizontal  fault-planes,  which  also  cross  the  red 
stripes,  and  must  have  been  formed  after  the  rock  was  in  a 
mylonised  condition.  Both  the  shear-planea  and  the  limbs  of 
fold  are  generally  inclined  to  east  or  south-east — in  the  same 
direction  as  the  chief  planes  in  the  quartzite  a  little  further  to  the 
west.  The  schist  above  the  mylonised  gneiss  contains  many  thin 
much-puckered  siliceous  stripes,  and  is  part  of  the  "Stack  schist." 
A  little  further  to  the  south-east  a  gradual  change  occurs  in  the 
lithological  character  of  the  rocks,  which  pass  into  less-crumpled 
granulitic  schists  like  those  on  Beinn  Lice. 

In  the  ground  traversed  by  the  section  in  Fig.  29  the  Glencoul 
Thrust  is  likewise  strongly  marked,  but  it  is  here  overlain  by 
another  great  thrust  which,  often  with  a  hade  to  north-west,  has 
carried  forward  a  mass  of  gneiss,  together  with  some  quartzite 
lying  unconformably  upon  it,  as  well  as  other  Cambrian  rocks, 
often  separated  from  one  another  by  minor  thrusts.  At  the 
south-eastern  end  of  the  section  two  still  higher  thrusts  are 
shown — perhaps  continuations  of  the  two  at  the  south-east  end  of 
the  section  in  Fig.  28.  The  lowest  of  these  has  carried  forward 
a  thin  band  of  greatly-sheared  rock — apparently  Lewtsian  gneiss 
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— while  the  highest,  or  Moine  Thrust  (T'),  has  brought  on  a  fine- 
grained puckered  schist  which  contains  many  thin  siliceous 
streaks,  and  which  seems  part  of  the  band  represented  in  Fig.  28. 

Near  the  shore,  and  on  the  islands  near  the  head  of  Loch  Glen- 
coul, the  stripes  of  fucoid-shale  and  serpulite-grit  become  mixed 
in  a  south-easterly  direction  with  Ghrudaidh  limestone.  This 
constant  repetition  of  strata  is  due  to  steep  thrusts  rather  than 
to  folds,  and  from  the  sections  on  the  sides  of  the  loch  it  would 
seem  that  these  steep  stripes  and  thrusts  have  all  been  carried 
forward  on  a  low-angled  thrust  or  sole  (T)  of  much  the  same 
character  as  that  represented  near  the  north-west  end  of  the 
section  in  Fig.  26. 

The  Glencoul  thrust-plane,  on  which  the  thick  mass  of  gneiss 
exposed  in  the  north-western  half  of  the  section  has  been  driven 
forward,  is  seen  on  two  islands  and  near  the  south  side  of  the  loch. 
For  a  few  feet  above  it  the  rocks  are  often  finely  sheared  along 
planes  striking  parallel  to  the  thrust-plane,  so  that  the  old  band- 
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Fig.  29. — Section  from  Loch  Glencoul  to  the  Stack  of  Glencoul.* 

A.  Lewisian  Gneiss.        Ca.  Basal  Quartzito  (Cambrian).        Cb.   Pii>e-rock. 

Cc.  Fucoid-beds.  Cd.    Serpulite-giit.         Ce  I.  Ghrudaidh  group. 

M.    Eastern  Schists.  F.    Intrusive  Igneous  Rocks.        T.   Thrusts. 

T.   Moine-thrust.  t.  Minor  tlirusts. 

ing  of  the  gneiss  cannot  be  recognised.  Higher  up,  the  gneiss 
contains  many  basic  pre-Torridonian  dykes,  now  generally  in  the 
condition  of  hornblende-schist,  though  dyke^s  of  the  same 
chemical  composition  and  age  in  the  unthrust  gneiss  to  the  west 
are  seldom  foliated  except  near  the  edges,  or  along  lines  of  special 
shearing.  Many  thick  pegmatites  appear  in  this  displaced  mass 
of  gneiss  and  in  the  basic  dykes,  though  such  pegmatites  are  rare 
in  the  unthrust  gneiss  to  the  west.  The  unmoved  gneiss  that  best 
corresponds  with  the  thrust  gneiss  of  Glencoul  lies  about  six 
miles  to  the  north.  In  most  of  the  thrust  gneiss  the  basic  dykes 
trend  towards  W.N.W.  avS  in  the  unthrust  area;  but  to  the  west 
of  Glencoul  House,  and  to  a  less  extent  to  the  N.N.E.  of  Loch 
Coir'  a'  Bhaic,  when  the  dykes  come  within  a  little  distance  of 
the  Glencoul  thrust  they  are  twisted  nearly  into  parallelism 
with  it.     Near  Glencoul  two  dykes  show  this  change,  one  for  a 

^The  Stack  of  Glencoul  is  not  named  on  the  one-inch  map,  but  it  lies 
nearly  two  miles  south-east  from  Glencoul  cottage. 
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distance  of  about  170  yards,  and  the  other  for  nearly  half  a  mile, 
and  for  a  third  of  a  mile  west  of  the  laat-mentioiied  dyke  the 
gneiss  above  the  thrust  continues  to  strike  parallel  to  the  thrust, 
and  is  folded  along  axial  planes  that  incline  in  the  same  direction 
as  the  line  of  disruption.  Some  of  the  gneiss  near  the  higli(>r 
thrusts  and  near  the  Moine-schist  has  been  intensely  crushed 
along  parallel  planes,  which  are  coated  with  small  scales  of 
fiericitic  mica. 

A  Uttle  to  the  south-east  of  the  middle  of  the  section  a  narrow 
depression  occupied  by  a  ijiliceouH  crush-rock  indicates  the  posi- 
tion of  the  great  thrust  (T),  which  in  this  district  comes  next 
above  the  Glencoul  thi-ust.  Gneiss  apjiears  on  either  side  of  the 
depression,  but  to  the  north-east  the  quartzite  comes  on  with  its 
basal  conglomerate  lying  unconformably  on  the  gneiss.  A  little 
above  the  conglomerate  an  intrusive  sheet  (F)  makes  its  appear- 
ance. At  a  distance  of  more  than  a  quarter  of  a  mile  from  the 
base  of  the  quaiiaite,  and  beyond  four  or  five  outcrops  of  sills,  the 
pipe-rock  (Cb)  is  reached.  Ita  outcrop  measures  only  40  yards 
m  width,  and  is  overlain,  not  by  the  fuco id-shale,  but  by  a  band 
of  eerpulite-grit  (Cd),  which  is  in  turn  overlain  by  a  thin  stripe 
of  limestone  (Ce  I.).  In  some  places,  however,  the  limestone  is 
cut  out  entirely  by  another  thrust,  which  biings  up  the  basal 
quartzite  once  more.  Besidew  this  thrust  there  must  also  be 
another  at  the  top  of  the  pipe-rock,  and  perhaps  a  third  within, 
or  at  the  side  of,  the  serpulite-grit .  The  thrust-piane  which 
overlies  the  limestone  is  admirably  seen  in  the  roof  of  a  cave 
hollowed  out  of  the  limestone.  The  plane  inclines  east  at  22°, 
and  the  limestone  below,  for  a  depth  of  fifteen  inches,  has  been 
broken  up  into  lens-shaped  pieces,  often  from  three  to  six  inches 
long,  which  are  inclined  to  south-east,  and  are  swathed  round  by 
thin  calcareous  laminse. 

A  thin  band  of  pipe-rock  —  the  sub-division  IV.  in  part 
— lies  immediately  under  the  sheared  gneiss,  and  seems 
to  have  undergone  a  larger  amount  of  shearing.  It  contains 
various  thin  l^nda  which  look  like  the  sheared  gneiss  above, 
but  which  may  represent  sills.  The  general  direction  of  the 
lines  of  movement  on  the  shear-planes  is  about  34°  north  of  west.* 

Most  of  the  Cambrian  rocks  in  the  south-east  part  of  the 
section  have  been  pushed  forward  on  a  thrust-plane  which  has  a 
general  north-westerly  inclination,  but  perhaps  the  greatly- 
sheared  pipe-rock  just  under  the  sheared  gneiss  lies  on  some  still 
higher  thrust -plane.  These  Cambrian  rocks  do  not  usually 
extend  more  than  100  or  200  yards  from  the  section-line.  On 
either  side  they  are  flanked  either  by  the  Lewisian  gneiss,  or, 
close  to  the  south-east  end  of  the  .section,  by  the  basal  quartzite 
which  lies  unconformably  on  this  gneiss.  They  only  form  a  thin 
veneer  over  the  gneiss,  as  represented  in  Fig.  29.  The  thrust- 
plane  has  in  some  places  been  sharply  folded,  and  bits  of  basal 

•The  dltention  of  the  pipe-rock  in  this  locality  wm 
Callaway  in  hia  "  Notes  on  Progressiva  Metaniorphis: 
p.  218. 
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quartzite  have  been  carried  on  it,  and  may  be  seen  nipped  into  a 
steep  cliff  of  gneiss. 

At  the  base  of  the  band  of  sheared  gneiss  which  comes  above 
the  pipe-rock  at  the  south-east  end  of  the  section  a  finely-sheared 
rock,  about  a  foot  thick,  with  laminae  hardly  thicker  than  paper, 
looks  as  if  it  might  possibly  be  a  mixture  of  sheared  gneiss  and 
quartzite.  Its  lamina?  are  sometimes  steeper  than  those  of  the 
quartzite  below.  The  **  Stack-schist " — as  we  have  termed  the 
band  of  schist  above  the  sheared  gneiss  at  the  Stack 
of  Glencoul — is  part  of  the  same  band  as  the  puckered 
schist  with  thin  siliceous  streaks  which  occurs  at  the 
south-west  end  of  the  section  in  Fig.  27  and  at  the  south- 
east end  of  that  in  Fig.  28.  The  siliceous  streaks  at  the  Stack 
of  Glencoul,  and  also  many  of  those  in  other  localities,  differ  from 
the  sheared  Cambrian  quartzite  in  having  a  greenish-grey  colour. 
The  line  between  the  mylonised  rock  and  the  overlying  schist  is 
tolerably  well  defined. 
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Fig.  30. — Section  from  the  North-East  Side  of  Beinn  Uidhe  to  Loch  an 

Urchoil. 

A.  Lewisian  Gneiss.  Ca.  Basal  Quartzite  (Cambrian).  Cb.  Pipe-rock. 
Cc.  Fucoid-beds.  Cd.  Serpulite-grit.  Ce  I.  Ghrudaidh  group. 
M.  Eastern  Schists.  F.  Intrusive  Igneous  Rocks.  T.  Thrusts. 
T".  Moine- thrust.       t.  Minor  thrusts. 

The  section  represented  in  Fig.  30  runs  in  a  generally  north- 
easterly direction,  while  the  Cambrian  rocks,  the  Moine-schists, 
and  the  thnist-planes  have  locally  a  N.N.W.  strike.  The  folds 
to  which  this  strike  are  due  have  not  affected  the  unthrust 
quartzite  or  the  Glencoul  thrust-plane.  They  were  probably 
developed  while  the  masses  which  they  affect  were  being  thrust 
forward.  The  section  onlv  illustrates  the  north-eastern  end  of 
the  large  district  affected  by  these  cross  folds.  The  higher 
thrusts  and  the  Moine-schists  are  confined  to  the  north-eastern 
half  of  the  section. 

The  gneiss  (A)  at  the  south-western  end  is  bounded  on  the 
north-east  by  a  nearly  vertical  thrust,  which  has  brought  in  the 
basal  quartzite  lying  unconformably  on  gneiss  which  forms  the 
centre  of  an  anticline  with  N.N.W.  axis  and  with  the  quartzite 
in  both  limbs.  The  conglomerate  at  the  base  of  the  quartzite  is 
repeated  by  at  least  one  small  thrust.  A  thin  sill  (F),  about  two 
feet  thick,  appears  below  the  conglomerate,  and  another  one  near 
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the  top  of  the  basal  quartaite.  The  quartzite  is  considerably 
sheared,  aud  near  the  base  contains  some  thin  veins  oi  quartz 
and  felspar.  In  the  eastern  limb  of  the  anticline  the  pipe-rnck 
which  there  comes  on  is  sharply  folded  along  axes  striking 
slightly  west  of  north,  but  has  an  outcrop  hardly  5(1  yards  wide, 
for  it  is  cut  off  on  the  east  side  by  a  north-west  thniat,  the  plane 
of  which  Bonietimes  dips  steeply  towards  the  west.  This 
appears  to  be  the  Ben  More  thrust — one  of  the  best-marked  dis- 

Elacements  in  the  district — but  iu  the  present  line  of  section  it 
as  no  special  characters  to  distinguish  it. 
On  the  north-east  side  of  what  is  believed  to  be  the  Ben  More 
thrust,  there  comes  first  a  patch  of  basal  quartzite,  then  a  steep 
thrust,  beyond  which  lies  a  mass  of  (rneiss  crossed  by  sevei-al 
other  steep  thrusts,  two  of  which  unite  with  the  Ben  More 
thrust  in  a  north-west  direction.  The  gneiss  is  bounded  on  the 
north-east  by  another  thrust  mass,  composed  chiefly  of  quartzite, 
and  lying  between  two  thrusts  striking  slightly  west  of  north. 
The  quartzite  mass  is  crossed  by  many  lines  of  crush  (tt),  most  of 
which  have  a  steep  dip  towards  the  west  and  a  downthrow  in 
thti  Name  direction.  In  some  parts  of  the  mass  a  thin  «ill  lies  at 
the  base  of  the  quartzite,  two  others  appear  in  the  ujiper  half  of 
the  basal  quartzite,  and  one  or  two  more  near  the  top  of  the  pipe- 
rock.  The  quartzite  mass  is  succeeded  by  an  area  of  fucoid-shale 
(Uc)  and  serpulite-grit  (Cd)  with  a  thin  sill,  but  to  the  north- 
west of  the  line  of  section  the  Ghrudaidh  limestone  (Ce  I.)  also 
cornea  on  in  natural  sequence  above  the  grit,  and  on  the  south- 
east side  a  large  mass  of  pipe-rwk.  which  rises  up  from  below  the 
shale,  is  repeatedly  folded  along  axes  striking  slightly  north  of 
west.  The  different  zones  are  crossed  by  crush-lines  which 
strike  in  the  same  direction.  The  throws  along  the  lines  are  not 
large  nor  constant  in  direction,  but  the  downthrow  seems  always 
in  the  direction  of  hade.  The  top  zone  is  somewhat  shaly  and 
more  cleaved  than  the  massive  rocks  below,  and  contains  a 
number  of  thin  veins  of  quartz  and  felspar. 

Further  north-east  the  section  shows  a  narrow  area  chiefly 
composed  of  thin  stripes  of  Ghrudaidh  limestone  (Ce  I.),  serpulito- 
grit  (Cd),  and  sheared  sills.  These  sti-ike  against  the  exposures 
of  fucoid-shale,  serpulite-grit,  and  limestone  referred  to  in  the 
last  paragraph,  and  are  separated  from  them  by  a  thrust-plane 
which  strikes  N.N.W.  They  are  disturbed  by  minor  thrusts  (t) 
as  well  as  folds,  and  the  thrust  (Tj  below  may  be  regarded  as  a 
sole.  Above  the  stripes  of  serpulite-grit  and  limestone,  pipe- 
rock  (Cb)  comes  in,  frequently  folded  into  isoclines  with  ooth 
limbs  dipping  gently  to  north-east.  The  pipes  often  make  angles 
of  about  46°  with  the  bedding,  and  the  rock  cleaves  reaaily 
along  them. 

Still  further  to  the  north-east,  on  the  slopes  above  Loch  an 
TJrchoil,  a  small  exposure  of  basal  quartzite  (Ca)  rises  up  from 
below  a  denuded  anticline  of  the  thrust-plane  on  which  the  over- 
lying schist  rests.  This  quartzite,  whicn  has  been  sheared  into 
thin  laminie  that  show  close  parallel  lines  of  movement  running 
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about  west  20°  north,  appears  to  lie  on  a  still  higher  thrust-plane 
than  the  pipe-rock  mentioned  in  the  last  paragraph. 

Above  the  sheared  pipe-rock,  a  zone,  rarely  more  than  ten  feet 
thick,  is  composed  of  thin  bands  of  quartzite  and  some  mylonised 
rock.  The  quartzite  bands  have  been  folded  into  isoclines  with 
both  limbs  inclining  to  north-east.  They  sometimes  contain 
thin  quartz-felspar  veins  which  have  not  been  sheared.  The 
mylonised  rock,  with  its  small  eyes  of  felspar  and  streaks  which 
look  like  sheared  pegmatite,  has  probably  been  derived  in  the 
main  from  Lewisian  gneiss.  It  is  suimounted  by  a  schist  (M) 
like  that  in  the  Stack  of  Glencoul.  This  rock  has  been  folded 
along  axes  striking  north-west,  first,  into  a  syncline,  and  then, 
further  north-east,  into  an  anticline.  Beyond  the  anticline  the 
general  dip  is  to  north-east  at  angles  varying  between  15°  and 
50°,  and  on  the  north-east  side  of  Loch  an  (Jrchoil  comes  the 
mass  of  granulitic  Moine-schists  like  those  on  Beinn  Lice. 


CHAPTKli   XXXV. 

STK0CTURE  OF  ASSYNT.  FROM  LOCH  GLEXCOITL  TO 
KNOCKAN  AKD  THE  OROMALT  HILLS.' 

In  the  mountaiaous  region  of  Ass;!-!!!  extending  from  Gleii- 
crnil  to  Knocban  and  the  Croraalt  Hills,  where  the  bell  of  com- 
plication is  from  six  to  eight  miles  broad,  the  following  tectouic 
features  are  so  fiiily  presented  as  to  invest  this  district  with 
special  interest  and  importance:  — 

1.  In  the  northern  part  of  the  area  three  major  lines  of  dis- 
ruption— the  Glencoul,  the  Ben  More,  and  the  Moine  thrusts — 
follow  each  other  in  definite  order  from  west  to  east.  The  first 
and  moat  westerly  brings  foi-ward  the  Lewisian  gneiss,  covered 
uncouformahly  by  Cambrian  strata;  the  second,  a  slice  of 
Lewisian  rocks  and  Torridon  Sandstone  with  the  double  uncon- 
formability  of  the  Cambrian  quartzites:  and  the  third,  the 
Eastern  or  Moine  schists. 

2.  In  the  central  and  sniithern  parts  nf  the  district  each  of  the 
two  lower  thrusts  is  in  turn  overlapped  by  the  one  to  the  east  till 
the  Eastern  schists  rest  directly  on  undisturbed  Cambrian  strata. 
This  striking  feature  distinguishes  the  ground  in  Assynt  from 
the  rest  of  the  belt  of  complication  in  the  North-West  Highlands. 

3.  The  Ben  More  thrust-plane  has  been  folded,  and  the 
important  outliers  of  the  materials  which  surmount  it,  showing 
the  double  unconformahility,  are  met  with  from  two  to  five  miles 
west  of  its  main  outcrop. 

4.  The  various  sills  of  post-Cambrian  igneous  rocks  are  found 
occupying  their  respective  horizons  in  the  displaced  masses  above 
the  Glencoul  and  Ben  More  thrust-planes,  thereby  proving  the 
wide  tlistributiou  of  these  intrusions  before  the  movements. 

Immediately  to  the  south  of  Loch  Glencoul  the  tectonic 
arrangement  of  the  strata  is  precisely  the  same  as  that  on  the 
north  side  of  the  loch,  described  in  the  last  chapter.  The  un- 
disturbed Cambrian  rocks  from  the  basal  quartzites  to  the  fucoid- 
beds,  dipping  to  the  E.S.E.  at  12°,  are  there  overlain  by  the 
piled-up  members  of  the  Middle  Series,  which,  repeated  by 
reversed  faults,  are  truncated  by  the  Glencoul  thrust.  This 
important  displacement  brings  forward  the  southern  continua- 

'  By  B.  N.  Peach  »Dd  J.  Home.  The  diabict  described  in  this  chapter  is 
contained  in  Sheets  101,  102,  107,  and  108  of  the  Geological  Survey  Hap  of 
Scotland,  on  the  scale  of  }  inch  to  a  mile  (gyln). 
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tion  of  the  moved  gneiss  with  its  basic  dykes  north  of 
Loch  Beag,  the  thickness  of  the  mass  varying  from  1500  to  1600 
feet.  The  imbricate  arrangement  of  the  fucoid-beds  and 
serpulite-grit  beneath  that  line  of  disruption  and  the  bare  plane 
itself  are  well  seen  alonff  the  course  of  a  footpath  which  traverses 
the  slope  on  the  south  side  of  the  loch. 

Soutnwards  beyond  Loch  na  Gainmhich  the  north-west  slope 
of  Glas  Bheinn  exposes  the  thrust  gneiss  covered  unconformably 
by  the  basal  quartzites  and  pipe-rock  in  their  natural  order,  the 
whole  displaced  mass  resting  on  the  Glencoul  thrust-plane. 
Not  far  to  the  south  of  this  point  the  relations  of  the  strata 
become  much  more  complicated,  as  shown  in  the  accompanying 
section,  across  the  northern  part  of  Assynt. 

On  the  southern  slope  of  Quinag  the  unconformability  between 
the  quartzites  and  the  Torridon  sandstones  (Bb)  is  clearly  seen 
(Fig.  31),  the  former  dipping  towards  the  E.S.E.  at  angles  varying 
from  4^  to  8°,  while  the  inclination  of  the  latter  is  in  the  same 

general  direction  at  from  15°  to  20°.  Both  zones  of  the 
ambrian  arenaceous  series  (Ca,  Cb)  are  followed  in  normal 
sequence  by  the  fucoid-beds  and  serpulite-grit  (Cc,  Cd) ;  but  close 
to  the  high  road  leading  to  Kylesku  the  undisturbed  strata  are 
cut  off  by  a  major  thrust-plane  or  **  sole  "  (T),  along  which  the 
fucoid-beds,  serpulite-gnt,  and  basal  dolomite  have  been 
driven,  being  repeated  by  numerous  reversed  faults  (t).  This 
imbricate  structure  is  merely  a  repetition  of  that  above  described 
on  the  north  side  of  Loch  Glencoul  and  at  Heilim  in  Loch 
EireboU.  As  an  instance  of  the  rapid  reduplication  of  the  beds, 
it  may  be  mentioned  that  thirteen  outcrops  of  the  serpulite-grit 
appear  here  within  a  third  of  a  mile,  ^ear  Achumore,  another 
major  thrust  ushers  in  the  basal  dolomites  with  the  igneous 
sills  fF)  lyinof  at  gentle  angles  and  resting  on  the  thrust  strata 

f'ust  aescribed.  These  are  followed  by  the  members  of  the  two 
owest  groups  (I.,  II.),  both  sub-divisions  being  repeated  by 
various  reversed  faults,  and  folded  in  gentle  arches  and  troughs, 
till  the  Calcareous  series  is  over-ridden  by  the  materials  above 
the  Glencoul  thrust- plane.  Owing  to  the  covering  of  morainic 
drift,  the  outcrop  of  this  line  of  disruption  east  of  Achumore  is 
concealed,  but  its  position  is  approximately  at  the  base  of  the 
steep  slope  that  runs  southward  from  Glas  Bheinn. 

Above  this  thrust- plane  and  along  the  south-west  declivity  of 
the  mountain,  the  various  sub-zones  of  the  pipe-rock  (Cb),  with 
the  porphyrite  sills  (F),  appear  in  inverted  order,  succeeded  by 
the  basal  quartzites  resting  unconformably  on  the  ArchaDan  rocks 


slope  of  Glas  Bheinn,  is  an  example  of  the  usual  folding 
over  and  buckling  under  of  the  strata  in  front  of  the  displaced 
masses  of  gneiss.  In  this  line  of  section  a  small  thrust  drives 
the  Lewisian  rocks  on  to  the  basal  quartzites,  but  both  to  the 
north  and  south  of  this  locality  the  inverted  base  line  of  the 
Cambrian  sequence  can  be  traced.       On  the  east  side  of  the 
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Lewisian  inlier   both  divisions  of  the  arenaceous  series  (Ca,  Cb) 
follow  in  natural  sequence  together  with  their  intrusive  sheets. 

Between  Glas  Bheinn  and  Beinn  Uidhe  a  thrust,  intermediate 
between  the  Glencoul  and  Ben  More  disruptions,  intervenes  and 
repeats  both  the  basal  quartz ites  and  the  pipe-rock,  which,  on 
the  lofty  plateau  of  Beinn  Uidhe,  are  arranged  in  a  gentle  syn- 
clinal fold.  Sheet  107  of  the  map  shows  that  the  sills  of  igneous 
material  (F) ,  which  there  occur  near  the  top  of  the  lower  division 
of  the  quartzites,  have  been  traced  round  this  great  flexure. 
Along  the  north-east  slopes  of  Glas  Bheinn  and  Beinn  Uidhe 
the  basal  beds  of  the  arenaceous  series  (Ca)  rest  unconformably 
on  the  gneiss  save  where  small  local  thrusts  intervene.  East- 
wards on  the  high  plateau  beyond  Beinn  Uidhe  the  Lewisian 
rocks  again  rise  from  underneath  the  thin  veneer  of  quartzites, 
which  have  there  been  thrown  into  numerous  small  folds  and 
repeated  by  reversed  faults. 

Descending  the  ridge  towards  Cailleach  an  Sniomh — a  hill 
west  of  Gorm  Loch  Mor — we  cross  the  outcrop  of  the  Ben  More 
thrust- plane,  which  there  gives  rise  to  a  well-marked  hollow. 
(Fig.  31.)  This  disruption  has  brought  westwards  the  Lewisian 
rocks  with  both  divisions  of  the  arenaceous  series  on  to  the  basal 
quartzite.  Three  characteristic  intrusive  sheets  appear  in  this 
area,  one  at  the  base  of  the  false-bedded  Cambrian  grits,  a  second 
higher  up  in  the  same  sub-division,  and  a  third  in  the  lowest  sub- 
zone  of  the  pipe-rock.  South  of  Gorm  Loch  Mor  the  evidence  is 
much  obscured  by  an  extensive  covering  of  moraines,  but  north 
of  that  lake  the  fucoid-beds,  serpulite-grit,  and  basal  dolomite 
are  repeated  mainly  by  folding,  and  a  similar  arrangement  of  the 
strata  is  observable  near  the  Fionn  Allt.  At  the  latter  locality 
a  lenticle  of  naylonised  Torridon  arkose  (B)  underlies  the  Moine 
thrust-plane  (T'),  above  which  the  great  series  of  Eastern  schists 
supervenes. 

At  its  western  limit  the  section  (Pig.  32)  shows  the  mode  of  occur- 
rence of  the  intrusive  sheets  of  albite-porphyrite  (F),  which  are 
such  a  prominent  feature  in  the  Torridon  sandstones  CB)  and 
Cambrian  quartzites  (Ca)  on  Beinn  Gharbh.  Allusion  has 
already  been  made  to  the  double  unconformability  on  the  north 
vslope  of  that  hill,  where  the  basal  quartzite,  overlapping  the 
Torridon  Sandstone,  comes  to  rest  directly  on  the  Lewisian 
gneiss.  Next  follow  in  order  the  sub-divisions  of  the  pipe-rock 
(Cb),  dipping  E.S.E.  at  an  angle  of  about  15°.  The  highest  sub- 
zone  pierced  by  the  intrusive  sill  is  that  of  the  **  trumpet "  pipes. 
From  the  eastern  side  of  the  alluvium  at  the  head  of  Loch  Assynt 
rise  the  piled-up  fucoid-beds,  serpulite-grit,  and  basal  dolomite 
charged  with  Salierclla.  Two  basic  sills  are  here  interposed, 
one  between  the  serpulite-grit  and  the  bottom  of  the  Calcareous 
series,  and  the  other  in  the  Ghrudaidh  group  (I.)  These  are 
followed  by  the  Eilean  Dubh  dolomites  and  limestones  (II.) 
resting  on  different  members  oi  the  lowest  division  of  the  Cal- 
careous serias  and  repeated  by  reversed  faults.  That  the  dolo- 
mites and   limestones  in  this  portion  ot  the  plateau  are  not 
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arranged  in  an  inverted  synclinal  fold  can  be  demonstrated  in  a 
conclusive  manner,  for  within  a  distance  of  half  a  mile  from 
Loch  Assynt  the  piled-up  limestones  are  truncated  by  another 
major  thrust,  which  has  brought  up  the  fucoid-beds,  serpulite- 
grit,  and  basal  dolomites,  and  has  pushed  them  above  the  Eilean 
Dubh  beds.  This  displacement  can  be  traced  northwards  to  the 
Chalda  Burn  and  southwards  across  the  Traligill  to  the  limestone 
east  of  Stronechrubie. 

About  half  a  mile  north-east  from  Inchnadamff  Hotel  the 
position  of  the  Glencoul  thrust-plane  is  defined  by  a  well-marked 
feature  which  skirts  the  escarpment  of  quartzites  on  the  west 
slope  of  Cnoc  an  Droighinn.  These  strata  have  here  been  driven 
on  to  the  dolomites  of  the  Ghrudaidh  group.  Though  compli- 
cated by  the  recurrence  of  minor  thrusts  and  the  presence  of 
numerous  sills  of  igneous  material,  both  divisions  of  the 
quartzites  on  that  hill  may  be  described  generally  as  forming  an 
inverted  anticline  and  syncline  on  a  core  of  gneiss.  The  fucoid- 
beds,  the  highest  members  of  the  series  represented  in  the  trough, 
are  cut  off  on  the  east  side  by  a  reversed  fault.  Two  intrusive 
sheets  of  porphyrite  (F)  here  occur  near  the  top  of  the  lower 
division  of  the  quartzites  (Ca),  and  one  of  aegirine-felsite  near 
the  base  of  the  lowest  sub-zone  of  the  pipe-rock.  Another 
example  of  the  latter  type  appears  in  a  higher  sub-zone  in  AUt 
Poll  na  Droighinn. 

East  of  Cnoc  an  Droighinn  a  thrust  occurs,  which  is  the 
southern  continuation  of  that  west  of  Beinn  XJidhe,  and,  like  it, 
brings  forward  a  mass  of  Lewisian  gneiss  (A)  with  basic  dykes 
exposed  on  the  north-west  slope  of  Beinn  an  Fhurain.  The 
basal  quartzites  (Ca)  renting  unconformably  on  the  Lewisian 
floor  can  be  traced  round  this  inlier,  though  frequently  in  an 
inverted  position.  Eastwards  the  crest  of  the  mountain  is 
mainly  composed  of  pipe-rock  (Cb),  overlain  by  fucoid-beds  (Cc) 
and  serpulite-grit  (Cd),  repeated  by  minor  thrusts,  and  accom- 
panied by  intrusive  sheets  which  resemble  the  types  on  Cnoc  an 
Droighinn  and  occupy  similar  horizons. 

The  position  of  the  outcrop  of  the  Ben  More  thrust,  which  is 
the  second  great  line  of  displacement  in  the  Assynt  region,  lies 
on  the  east  side  of  the  peaty  hollow  between  Beinn  an  Fhurain 
and  Na  Tuadhan,  but  the  outcrop  itself  is  there  obscured  by 
quartzite  debris.  Though  not  visible  in  this  line  of  section,  it 
is  laid  bare  in  the  Beallach  or  pass  between  Na  Tuadhan  and 
Coinne-mheall,  about  a  quarter  of  a  mile  south  of  the  top  of  the 
former  mountain. 

The  stupendous  folds  of  Cambrian  strata  on  Na  Tuadhan,  in 
advance  of  the  great  displaced  mass  of  Lewisian  gneiss  of  Ben 
More,  are  among  the  most  impressive  geological  features  in 
Assynt.  (Plate  XXXIV.)*  This  mountain,  which  rises  to  a 
height  of  2824  feet,  with  a  cliff  about  1100  feet  high  on  its  eastern 
face,  partly  bounds  the  great  corrie  on  the  north-west  side  of  Ben 

*  Plate  XXXIV.  forms  the  frontiBpiece  of  this  volume. 
I  2 
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More.  Above  the  ihinist-ptane  both  diviaiona  of  the  Cambrian 
quartzites  (Ca,  Cb)  arc  arranged  in  a  great  inverted  arch  and 
trough,  which  are  readily  recogniaed  from  the  surrounding 
peaks.  The  unconformable  boundary  line  between  the  basal 
quai'tzitQ3  and  the  Lewisian  gneiss  can  be  followed  round  the 
base  of  the  great  crag  on  the  east  side  of  the  mountain,  and  north- 
wards for  more  than  a  mile  to  Corrie  Mhadaidb  Beag,  with  a 
porphj-ritc  sill  along  the  junction.  Outliers  of  this  intmsive 
sheet,  sometimes  cappetl  with  baaal  quartzite,  are  found  resting 
on  the  gneiss  ou  the  floor  of  (.'orrie  Mhaidaidh,  indicating  the 
former  continuation  of  that  series  southwards  towards  the  slope 
of  Ben  More.  It  t.s  noteworthy  that  a  eomniou  cleavage  folia- 
tion affects  the  outlying  portions  of  the  porphyrite  and  the 
Lewieian  gneiss  beneath,  the  planes  being  more  or  less  parallel 
with  the  plane  of  the  Ben  More  thnist.  Two  additional  silla 
appear  in  the  basal  quartzites,  and  one  in  the  third  sub-zone  of 
the  pipe-rofk. 

But  the  most  striking  structural  feature  here  is  the  sharply- 
inverted  syncline  which  runs  down  the  south-east  side  of  the 
mountain  for  more  than  a  thousand  feet,  aud  involves  all  the  sub- 
divisions of  the  Cambrian  strata  from  the  fiicoid-beda  (Cc)  down 
t'J  the  thin  pebbly  grit  at  the  base,  together  with  the  intrusive 
sheets  (I'^  and  the  underlying  floor  of  gneiss.  The  synclinal 
fold  is  followed  by  an  arch,  which  is  truncated  by  a  normal 
fault  with  a  downthrow  towards  the  north-east. 

The  line  of  section  in  Fig.  32  now  traverses  Ben  More,  Assynt, 
where  the  structure  becomes  comparafivelv  simple.  On  the 
declivity  tn<-h-,g  (Wri.^  Mliaibildb  {]»■  liusiiV  quartzite  (Ca)  with 
the  intrusive  sheets  (F)  forms  a  thin  veneer  on  the  great  mass  of 
Lewisian  gneiss  and  basic  dykes,  to  which  attention  will  be 
immediately  directed.  Though  the  quartzites  here  are  not 
deformed,  the  porphyrite  sill  at  the  base  of  the  arenaceous  series 
is  highly  sheared. 

On  the  far  eastern  slope  of  Ben  More,  towards  the  bead  waters 
of  the  River  Casaley  near  Sron  Lom,  the  Lewisian  rocks  are 
covered  unconformably  bv  the  basal  quartzite  (Ca),  followed  by 
all  the  sub-zones  of  the  pipe-rock  (Cb),  the  fucoid-beds  (Cc),  the 
serpulite-grit  (Cd),  and  the  basal  dolomites  of  the  Ohnidaidh 
group  (Ce) ,  traversed  by  a  few  reversed  faults.  Here  the  various 
sills  in  the  arenaceous  series  occupy  their  proper  respective 
horizons.  As  the  rocks  are  followed  eastwards  their  deforma- 
tion becomes  more  pronounced  in  the  intrusive  sheets,  the 
quartzites,  and  the  fucoid-beds.  Still  further  east  a  narrow 
wedge  of  sheared  Torridon  Sandstone  (B  in  Fig.  32)  has  been 
driven  on  to  these  displaced  strata,  but  it  is  soon  truncated  by 
the  Moine  thrust  which  brings  in  the  Eastern  schists. 

The  geological  structure  of  the  southern  part  of  Ben  More  and 
of  Coinne-mbeall — its  western  peak— is  mucli  more  complicated. 
Between  the  latter  mountain  and  Breabag  a  narrow  pass,  termed 
the  Beallacli,  separates  the  head  waters  of  tlie  Oykell  River 
from  the  sources  of  the  Traligill.     On  the  northern  slope  of  this 
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defile  the  outcrop  of  the  Ben  More  thrust  is  clearly  seen  in  dip 
section,  and  the  relations  of  the  thrust  masses  may  he  studied  in 
detail  in  the  crags  which  stretch  eastwards  to  the  corrie  surround- 
ing Dubh  Loch  Mor.  The  structure  of  this  complex  ground  is 
explained  in  Figs.  33  and  34. 


S.W.  COINNI-MHEALL  (CONIVAL) 

Length  af section, about  I'/i mile 


icroHB  Comne  Mheall  from  one  of    the  aources  of  the 
Traligill  east  to  Come  a'  Mhadaidh. 


Fio.  33.— Section 


.  Lewieian  Gneiss.  B°'  Dykes  in  Gneiu.  B.  Torridon  S 

Ca.  Basal  Quartzite  (Cambrian).      Cb.  Pip  rook.     Cc.  Fucoid-beds. 
Cd.  Serpulite-grit.       Ce.  Limestone.       F.  lotmaive  Igneous  Rocks. 

T.  Thrusts.        t.  Minor  thrusts. 


CO  I NHE  -  M  KEAU.  (CO  M I  VAi.) 

about  I'/imi/e. 


Fio.   34.— Section  from  the  Bheallacli   across   Coinne-Mheall  to   Corrie   g 


A.  Lewisian  Gneiss.  Bo-  Dykes  in  Gneias.  B.  Torridon  Sandstone. 
Cb.  Basal  Quartzite  (Cambrian),  Cb.  Pipe-rock.  Co.  Fuooid-beds. 
Cd.  Serijulite-grit.  Ce.  Limestone.  F.  Intrusive  Igneous  Rocks. 
T.   Thrusts.         t.   Minor  thrusts.         f,   Faulta. 

At  the  bottom  of  the  western  slope  (Fig.  33)  the  basal 
quartzites  are  seen  to  have  been  driven  on  to  the  Cambrian 
dolomites  by  the  Glencoul  thrust.  As  the  bum-section  on  this 
declivity  is  followed  up  to  the  2500-feet  contour  line,  the  strata 
exposed  are  found  to  consist  almost  wholly  of  theee  quartzites 
(Ca)  with  their  sills  (F).     They  are  repeated  by  inverted  folds 
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and  minor  thrusts  (t)  in  such  a  way  as  to  indicate  that  these 
must  form  only  a  comparatively  thin  veneer  over  the  concealed 
Lewisian  rocks.  About  the  2500-feet  level  the  baeal  quartzites 
are  followed  in  order  by  the  various  sub-divisions  of  the  pipe- 
rock  (Cb)  with  their  sills,  until  these  rocks  are  abruptly  trun- 
cated by  the  Ben  More  thrust-plane  (T).  At  the  place  where 
the  line  of  section  in  Fig.  33  is  drawn  the  effect  of  this  great 
disruption  has  been  to  drive  the  basal  quartzites  over  the  highest 
zone  of  the  pipe-rock  (Cb)  and  fucoid-beds  (Cc).  When  the 
false-bedded  grits  (Ca)  are  traced  along  the  crest  of  the  mountain 
they  are  found  to  overlie  unconformably  both  the  Torridon  Sand- 
stone (B)  and  the  Lewisian  gneiss  (A).  On  the  summit  the  basal 
quartzites  are  succeeded  by  the  lowest  sub-division  of  the  pipe- 
rock  (Cb).  In  descending  the  north-eastern  slope  of  Coinne- 
mheall  the  observer  crosses  the  unconformable  junction  of  the 
basal  quartzites  with  the  Torridon  Sandstones,  and  likewise  the 
boundary  between  the  latter  and  the  Lewisian  rocks.     (Fig.  34.) 

Owing  to  the  high  inclination  of  the  Ben  More  thrust-plane 
its  outcrop  here  descends  from  the  crest  of  the  mountain  to  the 
Beallach.  As  a  result  of  the  friction  along  the  unyielding 
**  sole  "  of  the  thrust,  causing  the  upper  layers  to  move  more 
rapidly  than  the  lower,  the  Torridon  Sandstones  have  been  folded 
over  the  western  face  of  the  disrupted  gneiss,  as  shown  in  Fig. 
34.  By  means  of  the  local  conglomerate  at  the  base  the  line  of 
junction  with  the  old  Lewisian  platform  is  easily  traced,  and  the 
proof  of  inversion  is  thus  placed  beyond  doubt.  The  basal  con- 
glomerate and  tlie  overlying  grits,  sandstones,-  and  shales  can  be 
followed  continuouslv  from  the  Beallacli,  round  the  south-eastern 
spur  of  Coinne-mheall  to  the  southern  shoulder  of  Ben  More, 
where  they  are  unconformably  overlain  by  a  cake  of  the  basal 
quartzites.  (Plate  XXXV.)  The  area  occupied  here  by  the 
Torridon  Sandstone  is  about  half  a  square  mile,  about  half  of 
which  is  buried  under  the  basal  quartzites.  The  general  inclina- 
tion of  these  grits  and  sandstones  is  towards  the  W.X.W.  at  an 
average  angle  of  20°;   the  f^^reatest  thickness  is  about  1500  feet. 

From  his  descrij)tions  it  is  evident  that  Xicol  recognised  these 
green  grits  and  sandstones  as  the  true  western  red  sandstone 
(Torridon)  brought  up  in  the  centre  of  the  so-called  **  upper 
quartz- rock."  TTence  he  inferred  tliat  the  syncline  to  the  west 
is  complete  in  all  the  formations  from  the  up])er  limestone  to  the 
lowest  gneiss.*  He  further  stated  that  granitic  gneiss  and  mica 
slate  with  intrusive  igneous  rocks  form  the  nucleus  of  the 
mountain,  throwing  off  the  quartzite  all  around,  as  from  a  great 
centre  of  elevation. 

In  the  BeaHach  of  Coinne-mheall  the  dip  of  the  Ben  More 
thrust-plane  becomes  almost  flat,  and  hence  the  outcrop  can  be 
followed  for  two  miles  and  a  half  down  the  River  Oykell.  Along 
the  line  of  outcrop  the  Torridon  Sandstones  with  their  basal 
conglomerate  (the  *' button  stone'')  reappear  on  the  east  side  of 
the  valley,  dipping  underneath  the  Lewisian  gneiss  in  inverted 

*  Quart.  Jour.  Geol.  Soc.^  vol.  xvii.,  pp.  9G-99  ;  also  Fi'^.  8,  p.  9(>. 
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order.  There  can  be  no  doubt,  however,  that  this  strip  of 
TorridoQ  strata  is  merely  a  continuation  of  the  mass  on  Coinne- 
mheall  and  Ben  More,  as  shown  in  section  {Fig.  35),  the  inter- 
Tening  portion  having  been  removed  by  denudation. 


n  from  the  Oykell  Vnlley  a< 
Ben  More,  Assynt. 


the  Plat  Reidh  and 


A.  Lewisian  Qneias.         B°'   DykisB  in  Gneiss.  B.  Torridon  SandstoDe. 

Ca.  Baatil  Quart2it«  (Cambrian).  Cb.  Pipe-rock.  Cc.  Fucoid-beda. 
Cd,  SerDutit«'grit.  Ce.  LimeBtone.  F.  IntrusivB  Igneous  Rocke. 
T.  Ben  More  thruitt.        t.  Minor  thruste. 

In  his  account  of  the  geological  structare  of  the  Assynt  dis- 
trict, Dr.  Callaway  noted  the  superposition  of  the  Torridon  grits 
on  the  Hebridean  gneiss  on  Coinne-mheall  and  Ben  More,  and 
the  inversion  of  these  sediments  beneath  the  same  mass  of  gneiss 
on  the  east  aide  of  the  Oykell  valley  (Fig.  35).  He  inferred 
that  these  appearances  seem  inexplicable  except  on  the  supposi- 
tion of  an  overthrow  of  the  gneiss  and  grit  upon  the  dolomite.* 

The  outcrop  of  the  great  Ben  More  thrust-plane  can  be 
followed  aouthwai-da  from  the  Oykell  valley,  round  the  western 
slope  of  SgonnaQ  Mor,  by  Strathsheaskich,  thence  to  Allt  an 
Loin  Dhuibh,  and  round  Onoc  na  Glas  Choille  to  the  base  of  the 
Cromalt  Hills  (in  one-inch  Sheet  101),  where  it  is  overlapped  by 
the  Moine  thrust-plane.  It  is  worthy  of  note  also  that  the  Glen- 
coul thrust  is  not  traceable  further  south  than  a  point  near  the 
Beallach  between  Coinne-mheall  and  Breabag,  being  there  over- 
lapped by  the  Ben  More  disruption. 

The  broad  plateau  of  the  Calcareous  series  at  Inchnadamff  lies 
almost  wholly  within  the  area  affected  by  the  post-Cambrian 
movements.  In  the  Stronechrubie  clifi  the  fucoid-beds, 
serpulite-grit,  the  Ghrudaidh  dolomites,  and  part  of  the  Eilean 
Dubh  group  follow  each  other  in  natural  order,  with  a  prominent 
igneous  siU  on  the  horizon  of  Sub-zone  7,  in  the  Ghrudaidh 
sub-division.  The  upper  part  of  the  cliff  shows  a  well-marked 
thrust-plane  or  "  sole,"  upon  which,  and  tilted  at  an  angle  to  it, 
the  calcareous  beds  of  the  Eilean  Dubh  group  rest.  (See  Plate 
XXXVI.)       This  disruption,  along  which  a  sheet  of  crushed 

•  Op.  cit.,  vol.  XKxix.,  p.  382 ;  abo  Fig.  6.,  p.  383. 
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igoeouB  rock  appears  at  intervals,  is  traceable  northwards  to  a 
point  on  the  Traligill  River,  aliout  300  yards  east  of  Inchna- 
damff  Hotel.  Again,  ou  the  slope  soutli  of  the  Traligill  Burn  at 
Glenbain,  about  aix  major  thrusts  are  seen  in  dip-aection,  the 
beds  between  these  planes  being  piled  up  by  minor  reversed 
faults. 

East  of  Strouechrubie  the  calcareous  rocks,  representing  the 
Ohnidaidh,  Eilean  Dubh,  and  Sail  Mhor  groups,  are  arranged 
generally  in  a  great  synclinal  fold,  the  strata,  with  their  accom- 
panying sills,  neing  piled  up  bv  numerous  major  and  minor 
thrusts.  One  of  the  finest  examplee  of  a  bare  thrust-plane  in  the 
limestone  plateau  may  be  seen  in  the  Traligill  itiver,  about  a 
mile  up  stream  from  the  Inchnadamff  Hotel,  where  the 
Ghrudaidh  dolomites  (Group  I.)  have  been  driven  over  the 
Eilean  Dubh  beds  (Group  II.,  .see  Plate  XXXVII.)  It  fre- 
quently happens  that  the  water  desceud-s  and  flows  along  these 
divisional  planes  beneath  the  surface,  reappearing  at  lower 
levels.  Occasionally  outliers  i>f  the  fucoid-beds  and  serpulite- 
grit  are  found  capping  the  Eilean  Dubh  dolomites  and  limestones 
in  the  north-west  part  of  the  plateau,  separated  from  each  other 
by  major  thrusts.  But  subsequent  to  these  various  displace- 
ments whereby  the  strata  were  driven  together,  the  area  along  the 
nortli-eafitem  and  eastern  margins  of  the  limestone-plateau  was 
elevated  in  the  form  of  a  great  dome.  Hence  at  intervale  various 
sections  may  be  observed  which  show  the  natural  passage  from 
the  pipe-rock  to  the  fucoid-beds,  serpulite-grit,  and  basal  dolo- 
mites, the  strata  dipping  towardo  flie  west.  This  feature  is 
illustrated  on  tlii>  ><1(>].(>-  nf  Breabag;  likewise  lieynnd  the 
Traligill  near  Glenbain,  where  the  members  of  the  Middle  iSeries 
rise  from  underneath  the  thrust  dolomites  and  are  underlain 
by  the  pipe-rock  and  baaal  quartzitea,  which  there  form  a  normal 
arch — the  continuation  of  the  anticlinal  structures  on  Breabag. 
(Sheet  107.) 

South  of  Inchnadamfi  various  outliers  of  the  materials  that 
overlie  the  Ben  More  thrust-plane  have  been  left  by  denudation 
on  the  displaced  masses.  The  most  important  of  these  occur  on 
Cnoc  an  Leathaid  Bhuidhe  west  of  Loch  Awe,  on  the  moor  south 
of  Loch  Urigill,  and  on  the  limestone-plateau  south-east  of 
Stronechrubie.  The  two  isolated  examples,  north  and  south  of 
Allt  nan  TJamh,  are  of  special  interest,  as  they  show  the  original 
folding  of  the  Ben  More  thrust-plane  and  its  overlap  of  the  Glen- 
coul  thruat-plane.     (Sheet  101.) 

On  the  slopes  of  Ganisp  (Fig,  36)  the  double  unconformability 
of  the  quartzites  (Ca,  Cb)  on  the  Torridon  Sandstone  (Bb)  and 
on  the  Lewisian  rooks  (A)  is  e^osed,  the  strata  being  intersected 
byseveral  normal  faults  (ff).  East  of  the  Loanan  indications  may 
be  observed  of  the  piling-up  of  the  Middle  Series  and  baaal  dolo- 
mite by  reversed  faults,  which  are  truncated  by  a  major  thrust 
that  has  brought  westwards  the  two  lowest  groups  of  dolomite 
and  limestone.  On  the  line  of  section  the  basal  quartzites 
appear  in  inverted  order  above  the  Ben  More  thrust-^ane  (1), 
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but  on  the  north-west  face  of  Beinn  an  Fhuaraia  the  pipe-rock 
rises  from  below  these  false-bedded  grits,  the  beds  beiug  inclined 
to  E.S.E.  at  rather  high  angles.  Near  the  hill-lop  the  uncon- 
formable junction  of  the  basal  qiiartzitea  on  the  Torridon  sand- 
stonea  is  exposed,  and  when  followed  southwards  the  faJse-bedded 
Quartzitea  pasa  transgressively  across  the  Torridon  Sandstone  till 
tney  rest  directly  on  the  gneiss  (A).  Only  a  amall  exposure  of 
the  gneiss  is  there  met  with,  but  it  contains  one  of  the  basic 
dykea.     (Sheet  101.^ 

The  outcrop  of  the  thrust-plane  forma  a  well-marked  feature 
round  thia  iulier.  and  is  seen  in  dip-section  on  the  north-east 
shoulder  of  the  ridge,  near  the  caves  of  Allt  nan  Uamh,  where 
the  Torridon  Sandstone  rests  directly  on  the  Eilean  Dubh  lime- 
atone.  The  AUt  nan  Uamh,  by  car^-ing  a  deep  channel  through 
the  underlying  calcareous  rocks,  has  isolated  the  outlier  on  Beinn 
an  Fhuaraiu,  which  is  over  a  mile  in  length,  from  the  smaller 
mass  on  Beinn  nan  Cnairahseag  on  the  north  side  of  the  stream. 
(Sheet  101.)  Along  the  north  margin  of  the  latter  outlier  the 
bare  thrust-plane  of  Eilean  Dubh  dolomite  is  well  displayed. 
It  is  inclined  to  the  west  at  IS'^. 

In  the  hollow  between  Beinn  an  Fhuarain  and  Breahag  the 
members  of  the  Middle  Series  reappear,  followed  by  the  quartzites 
with  a  westerly  dip.  On  Creag  Liath  the  beds  of  the  lower 
division  (Ca)  are  exposed  on  tbe  crest  of  an  areh,  and  the  suc- 
cessive zones  of  pipe-rock  and  intercalated  sills  (F)  can  be  traced 
in  normal  order  round  the  fold.  The  broad  dome  of  Breahag 
consists  of  a  compound  anticline,  ehieHy  composed  of  thrust  zones 
of  the  nipe-inck  (t'b)  and  fucoid-beds  (Cc).  At  one  place  the 
StdtereUa  grit  (Cd)  is  found  on  the  high  plateau,  A  striking 
feature  of  the  mountain  is  the  repetition  by  folds  and  reversed 
faults  of  two  intrusive  sheets  (FE),  one  in  Zone  III.  of  the  pipe- 
rock  and  the  other  in  Zone  V.  of  that  division  or  in  the  fucoid- 
beds.  In  the  pasa  between  Breabag  and  Sgonnan  Mor  the 
highest  zone  of  the  pipe-rock  is  followed  by  the  fucoid-beds, 
serpulite-grit,  and,  at  one  place,  by  the  basal  dolomite,  with  in- 
trusive sifia  of  homblendic  rocks  in  both  members  of  the  Middle 
Seriea  (Cc,  Cd),  these  higher  sub-divisions  being  abruptly  cut  off 
hy  the  Ben  More  thrust. 

The  evidence  aa  to  tectonic  arrangement  furnished  by  the 
materials  overlying  this  great  plane  of  disruption  on  Sgonnan 
Mor  is  merely  a  counterpart,  on  a  smaller  scale,  of  that  «iipplied 
by  Ben  More,  Assynt.  Here  a  considerable  masa  of  Lewisian 
gneiss  (A)  appears  with  its  basic  dykes,  and  with  the  Torridon 
Sandstone  (Ba)  inverted  beneath  it ;  the  double  unconfoi-mability 
of  the  basal  quartzites  is  displayed,  and  some  of  the  characteristic 
intrusive  sheets  are  to  be  seen  on  their  respective  horizons. 
On  the  line  of  section  in  Fig.  36  an  inverted  synclinal  fold  of 
Torridon  Sandstone  (Ba)  may  be  observed  on  the  western  face  of 
displaced  gneiss.  This  fold  is  continuous  with  that  on  the  south- 
west slope  to  be  referred  to  in  the  sequel.  (See  Fig.  37.)  The 
position  of  the  thrust-plane  is  here  clearly  defined,  as  the  rocks 
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are  bare  of  drift  and  their  distinctive  lithological  characters  make 
them  readily  distinguishable  from  each  other.  Close  to  the 
disruption  the  Lewisian  rocks  are  sheared,  but  eastwards  the 
pyroxene-gneiss  aud  hornblende-biotite-gneiss  are  not  much 
deformed.  Tliey  are  traversed  by 
dykea  of  epidiorite  and  in  one  case 
by  a  dyke  of  peridotite  with  their 
normal  north-west  trend.  A  short 
distance  to  the  east  of  the  hill-top 
the  lower  division  of  the  quartzite 
(Ca)  rests  unconformably  on  the 
gneiss  with  an  intervening  sill  of 
porphyrite  (F),  and  when  traced 
southwards  these  strata  are  seen 
vesting  upon  the  ToiTidon  Sandstone 
on  the  south-western  declivity.  The 
false-beddedquartzites  are  succeeded 
by  the  pipe-rock,  which  is  then  cut 
off  by  a  thrust  that  has  carried  west- 
wards a  mass  of  syenite  similar  to 
that  at  Cnoc  na  Sroine.  (Chapter 
XXIX.)  Covering  an  area  of  about 
three  square  miles,  this  eniptive  rock 
is  bounded  along  its  western  margin 
by  a  thrustr-plane,  and  passes  trans- 
gressively  across  the  Lewisian  rocks, 
both  divisions  of  the  quartzites,  the 
fucoid  beds,  and  serpulite-grit.  On 
its  eastern  aide  near  Kinlochailsh  it 
is  intrusive  in  the  lower  zones  of 
the  Calcareous  series,  which  are 
there  converted  into  marble  (A.), 
and  further  north  it  traverses  the 
fucoid-beds.  East  of  the  marble  at 
Kinlochailsh  a  narrow  band  of 
sheared  granitoid  rock  (G)  appears 
below  the  Moine  thrust-plane  (T'), 
which  evidently  belongs  to  the  same 
series  of  intrusions.  This  great  dis- 
placement, as  in  sections  already 
described,  here  ushers  in  the  enor- 
mous series  of  the  Eastern  schists 
<M). 

The  relations  of  the  eastern  con- 
tinuation of  the  plutonic  mass  of 
Cnoc  na  Sroine  east  of  Lnban 
Croma  tfl  the  materials  overlying 
the  Ben  More  thrust-plane  are  shown  in  Fig.  37.  The  valley  of 
the  Ledbeg  River  above  the  Loyne  displays  this  extensive 
igneous  intrusion  on  its  south  aide  and  the  Cambrian  quarteites 
of  the  Breabag  ridge  on  the  north.     Where  the  rocks  are  not 


522  Tectonic  Stnichirus  i,i.  A'.iF.  Hit/h/aiuU.  ^ 

concealed  by  peat  and  drift  the  fucoid-beds,  serpulite-grit,  and 
marble  rise  from  underneath  the  mass  of  syenite  and  borolauite 
(FBo) — as,  for  examjde,  at  Luban  Croma,  situated  about  a  mile 
and  a  hall  N.N.E.  from  Aultnacallagacli  Inn.  At  that  place  the 
members  of  the  Middle  Series  follow  the  pipe-rock  zones  round 
the  anticlinal  structures  of  Breabag.  Beyond  the  syenite  east  of 
Luban  Croma,  aills  of  borolanite.  atii  already  indicated,  appear  in 
association  \rith  the  marble  in  the  small  streams  draining  the 
south-west  slope  of  Sgonnau  Mor  towards  the  Ledbeg  River.  In 
one  of  these  streams  the  sheared  granitoid  rock  (borolanite) 
below  the  Ben  More  thrust-plane  and  the  Torridon  grits  above 
that  plane  may  be  traced  to  within  a  few  yards  of  each  other. 
On  the  slope  the  Torridon  shales,  sandstones,  and  grits  din  east- 
wards in  inverted  order  beneath  the  Lewisian  gneiss,  till  the 
local  basal  conglomerate  of  the  Torridonian  series  is  seen  in  con- 
tact with  its  old  floor  of  gneiss.  The  pebbles  in  this  conglomerate 
consist  mainly  of  white  quartz." 

Further  to  the  south-east,  on  the  south  slope  of  Sgouuan  Beag. 
the  position  of  the  Ben  More  thi-ust-plane  is  obscured  by  peat 
and  drift,  but  above  it  a  small  infold  of  the  basal  quartzites  has 
been  detected  in  the  Torridon  Sandstone,  while  further  east 
these  quartzites  rest  directly  on  the  Lewisian  gneiss,  and  are 
followed  by  the  pipe-rock. 

East  of  the  undisturbed  Oiimbrian  strata  north  of  Cam  Loch 
(Sheet  101)  a  belt  of  extremely  complicated  ground  stretches 
between  Ledbeg  Hill  and  the  western  base  of  Cnoc  na  Sroine. 
As  shown  in  Fig.  38,  the  Ben  More  thrust-plane  in  a  nearly 
horinontal  position  extends  across  that  area  and  carries  on  its 
"  sole "  outliers  of  displaced  materials,  which,  separated  by 
denudation,  rest  on  various  zones  of  the  Cambrian  system  that 
have  been  affected  by  the  movements.  This  tract  is  further 
complicated  by  the  metamorphism  of  the  Cambrian  strata  by  the 
igneous  intrusions  already  described,  while  part  of  the  ground  is 
also  obscured  by  peat. 

The  most  westerly  outlier  which  covers  the  top  and  southern 
slope  of  Ledbeg  Hill  overlooking  Cam  Loch  contains  a  core  of 
Lewisian  gneiss  (A),  with  the  basal  quartzite  (Ca)  inverted  near 
the  thrust-plane,  and  dipping  in  normal  order  on  the  crest  of  the 
hill,  followed  by  the  pipe-rock  (Cb)  in  the  north-east  corner  of 
the  displaced  materials.  Eastwards  towards  the  Ledbeg  River 
the  rocks  underlying  the  Ben  More  thrust-plane  consist  mainly 
of  altered  Cambrian  limestone,  chiefly  of  the  Eilean  Dubh  group, 
pierced  by  granitic  intrusions,  while  all  the  outliers  above  that 
plane  are  composed  of  basal  quartzites,  save  the  most  easterly, 
which  includes  a  portion  of  the  pipe-rock. 

As  represented  in  the  section  (i'ig.  38),  the  plane  of  the  Ben 
More  thrust,  which  once  overlay  the  large  eruptive  mass  (G),  has 
there  been  removed  by  denudation.  Its  position  and  the  connec- 
tion of  its  severed  piu^s  are  shown  by  the  dotted  line  above  the 
s  inveraion  was  rect^nised  and  doacribed  by  Dr.   Calltway.      Quart. 
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outline  of  the  groaad.  At  the  base  of 
the  north-west  slope  of  Ciioc  na  Sroine 
the  altered  Cambrian  limestone  (A) 
appears  not  far  frora  the  nepheline- 
syenite  (FBo),  which  stretches  eastwards 
by  Allt  na  Calltigach  to  the  plateau  west 
of  Cno«  a'  Chaoniinn.  On  the  cva^ 
near  the  Allt  a  Mhullin  and  in  that 
stream  itself  the  borolanite  is  well  foli- 
ated— a  feature  which  may  have  been 
produced  by  the  post-Cambrian  move- 
ments. Various  outlying  patches  of 
marble  (X)  occur  on  the  moor  between 
the  stream  and  the  outcrop  of  the  Ben 
More  thrust-plane.  Kaat  of  this  line  of 
displacement,  between  the  road  leading 
to  Kiiilochailah  and  the  top  of  Cnoc  a' 
Chaortiinn,  a  constant  repetition  may  be 
observed  of  the  Cambrian  zones  frora  the 
pipe-rock  to  the  basal  dolomite,  together 
with  intrusive  sills.  The  reduplication 
has  been  caused  chietly  by  plication, 
and  the  strata  show  increasing  defoiina- 
tion  as  they  approach  the  position  of 
the  Moine  thrust  (T').  Indeed,  the 
alteration  of  the  Cambrian  dolomit*  at 
this  locality  and  northwards  to  Loch 
Ailsh  is  so  conspicuous  that  Mr.  Calla- 
way grouped  it  with  his  "  Caledonian 
Series."*  ITie  last  rocks  on  the  right 
hand  of  the  section  (M)  are  a  portion  of 
the  great  overlying  series  of  Eastern 
schists. 

Webt  of  Elphin  (Pig.  39)  the  undis- 
turbed strata  consist  of  Lewisian  gneiss 
(A)  ovei'Iain  by  the  Torridon  Sandstone 
(Applecross  gi"Oup,  Bb)  with  a  local 
basement  breccia,  covered  unconform- 
ably  by  the  Cambrian  formation,  with 
the  zones  in  normal  order  from  the  basal 
grits  (Ca)  to  the  serpu lite-grit  or  Saller- 
ella  tjnartzite  (Cd^,  and  in  places  the 
basal  dolomite  (Ce).  At  Elphin,  close 
to  the  road  leading  to  Ullapool,  the 
fucoid-bedsaudaerpulite-grit  with  occa- 
sional lenticles  of  pipe-rock  are  trnncated 
by  a  thrust  tliat  has  brought  forward 
the  pi!ed-up  representatives  of  the  Ofen- 
ell-us  zone.  The  latter  are  abruptly  cut 
off  by  another  thrust-plane,  along  which 
the   Eilean  Dubh  dolomites  and  lime- 
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stones  (Ce  II.),  sometimes  altered  into  marble  by  injections  of 
borolanite  and  repeated  by  minor  thrusts,  have  been  driven  for  a 
distance  of  two  miles.  Throughout  this  tract  the  strata  dip 
persistently  eastwards  at  high  angles.     At  Am  PoUan  these  dis- 

{)laced  limestones  are  capped  by  an  outlier  of  the  materials  that 
ie  upon  the  **8ole''  of  the  Ben  More  thrust,  consisting  of 
Lewisian  rocks  covered  unconformably  by  the  Torridon  Sand- 
stone (Bb)  and  basal  quartzites  (Ca),  the  latter  resting  uncon- 
formably on  both.  The  westward  extension  of  this  gently- 
undulating  dislocation  and  the  isolation  of  denuded  outliers  of  the 
rocks  displaced  by  it  are  shown  in  Fig.  39  as  in  Fig.  38.  Along 
their  southern  margin  the  Torridon  Sandstone  and  basal 
quartzites  are  truncated  by  the  Moine  thrust,  which,  as  will  be 
mentioned  below,  skirts  the  base  of  the  Cromalt  Hills.  Further 
east  the  strata  are  mainly  composed  of  piled-up  Eilean  Dubh 
dolomites,  marmorised  in  places,  which,  at  the  base  of  the  west 
slope  of  Cnoc  na  Glas  Choille,  are  overlapped  by  the  Cambrian 
strata  above  the  main  outcrop  of  the  Ben  More  thrust-plane. 
In  the  core  of  a  sharp  inverted  arch  the  Lewisian  gneiss  is  ex- 
posed by  the  denudation  of  the  basal  quartzites  (Ca).  In 
addition  to  the  latter,  all  the  Cambrian  zones  up  to  the  horizon  of 
the  basement  dolomite,  together  with  several  intrusive  sills, 
have  been  driven  westwards  along  this  disruption  plane,  and 
have  been  arranged  in  isoclinal  folds  dipping  eastwards  at  com- 
paratively low  angles.  Here  again  a  marked  gradation  can  be 
traced  in  the  metamorphism  of  the  Cambrian  sediments  and  the 
igneous  sheets  as  they  are  followed  eastwards  to  AUt  Ealag, 
where  the  quartzose  flagstones  or  Eastern  schists  (M)  appear 
above  the  Moine  thrust-plane. 

At  the  Knockan  crag,  about  two  miles  south  of  the  village  of 
Elphin,  conclusive  evidence  is  afforded  of  the  remarkable  over- 
lap of  the  Moine  thrust-plane,  to  which  attention  has  already 
been  directed.  From  the  base  of  the  Stack  of  Glencoul  the 
course  of  this  remarkable  disruption  is  generally  southwards  by 
Kinlochailsli  to  the  River  Oykell  and  Allt  Ealag,  where  the 
trend  is  S.S.W.  It  then  runs  west  for  a  distance  of  six  miles 
along  the  base  of  the  north  slope  of  the  Cromalt  Hills  to  the  cliff 
about  one  mile  iS.S.W.  of  Anockan,  passing  transgressively 
across  the  Ben  More  thrust-plane  and  all  underlying  displaced 
materials  till  the  quartzose  flagstones  rest  directly  on  the 
undisturbed  Cambrian  strata  (Sheet  101). 
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CHAPTER  XXXVI. 

THE  STRUCTURE  OF  THE  GROUND  BETWEEN 
ELPHIN  AND  STRATH  NA  SHEALLAG.* 

Tte  ground  to  be  described  in  ihis  and  the  succeeding  chapters 
differs  iu  a  marked  degree  from  that  which  has  been  described 
in  the  foregoing  pages.  Owing  to  the  extensive  westward  over- 
lap of  the  Muine  thrust-plane  over  all  the  lower  dislocations,  the 
belt  of  complicated  structure  has  been  reduced  to  a  mere  narrow 
stripe.  No  one,  from  the  natural  aectious  to  be  seen  south  of  the 
county  boundary  between  Sutherland  and  Ross,  would  suspect 
the  existence  of  the  extraordinary  structure  which  is  there  con- 
cealed under  the  Eastern  schists,  but  which,  owing  to  extensive 
denudation,  has  been  laid  hare  so  instructively  further  north. 

In  tbtj  section  shown  iu  Fig.  40  the  Lewieian  fjneiaa  appears  at 
the  western  end  rising  from  Loch  Skinaskink  and  soon  sur- 
mounted mi  con  form  ably  by  the  Torridon  sandstones  which  form 
the  mass  of  Cul  Slor.  The  summit  of  that  mountain  is  capped 
with  an  outlier  of  the  basal  quartzite,  and  the  same  member  of 
the  Cambrian  serie-*  f(irio.«  the  L-aiteni  slope,-.  Ail  those  rocks 
retain  their  original  relations  to  each  other  in  the  undisturbed 
ground.  In  the  well-known  Knockan  cliff,  which  rises  im- 
mediately above  the  road  between  the  county  boundaiT  and 
Lochan  Fasaidh,  the  pipe-rock  is  succeeded  by  the  fucoid-beds, 
serpulite-grit,  and  a  small  portion  of  the  basal  limestone,  all 
resting  in  their  natural  sequence  and  dipping  south-east  at 
9°-12  .  But  no  higher  strata  have  here  survived  in  their  proper 
places.  The  Grudaidh  limestone  is  abruptly  cut  off  by  the 
Elphin  thrust-plane  (Fig.  39} ,  which  brings  forward  the  heaped- 
up  white  dolomites  of  the  Eiiean  Dubh  group.  These  in  turn 
are  almost  immediately  truncated  by  the  micaceous  schists  and 
flagstones  that  lie  above  the  Moine  thrust-plane.  So  great  has 
here  become  the  overlap  of  this  great  dislocation  that  only  a  few 
feet  of  crushed  marble  are  visible  between  the  two  thrust- 
planes.  Even  this  narrow  stripe  soon  disappears,  for  at  the 
southern  end  of  the  crag  the  Moine  thrust-plane  has  overlapped  the 
Elphin  thrust,  and  the  Eastern  schista  (M)  are  thus  made  to  rest 
directly  upon  the  basal  limestone.       (Plate  XXXVIII.)       The 

*The  first  five  i)arftgraphB  of  this  chapter,  deacriptive  of  the  ground 
between  Elphin  and  Strath  Kanaird,  have  been  supplied  by  L.  W.  Hinvman ; 
the  rest  ia  b;  the  late  W.  Gunn.  The  district  described  is  represented  in 
Sheets  92  and  101  of  the  map  of  Scotland. 


Plate  XXXVIII. 
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angle  of  inclinatiou  of  the  Moine  thrust 
is  8*^-10°,  in  the  same  direction  and 
very  nearly  at  the  same  angle  aa  that 
of  the  dip  of  the  undisturbed  beds 
below.  There  seems  at  first  sight  to 
be  a  regular  passage  trom  the  Cam- 
brian rocks  up  into  the  Bchiats  above, 
and  this  section  was  formerly  relied 
upon  as  furnishing  one  of  the  strongest 
pieces  of  evidence  in  favour  of  such  a 
passage.  The  deceptive  nature  of  this 
apparent  conformity  is,  however,  soon 
exposed  when  the  outcrop  of  the  schists 
is  followed  to  the  north  and  south. 

At  a  point  about  half  a  mile  east 
from  the  Knockan  road  at  the  connty 
boundary  the  Moine  thru6t>-plane  is 
laid  bare  in  the  bed  of  a  tributary  of 
Ainhainn  a'  Chnocain,  its  dip  being  to 
the  south  at  angles  varying  from  10" 
to  15".  Following  the  outcrop  of  the 
bare  plane  for  half  a  mile  we  ^d  the 
heaped-up  masses  of  Cambrian  lime- 
stone dipping  to  the  east,  each  succes- 
sive bed  having  been  truncated  by 
the  thrust.  The  quartzose  flagstones 
(Moine  schists,  M)  dip  S.S.W.,  south, 
and  S.S.E.  away  from  the  plane  at  low 
angles.  No  mora  striking  instance  of 
the  complete  discordance  between  the 
Cambrian  strata  and  the  Eastern  schists 
and  of  the  plane  along  which  the 
displaced  materials  were  driven  is 
to  be  found  in  the  North-West  High- 
lands.    (Sheet  101.) 

At  the  south  end  of  Loch  Fasaidh  a 
cross-fault  throws  the  thrust-plane 
down  into  a  peaty  hollow  below  the 
roiiil,  and  when  the  schists  are  next 
seen,  in  the  burn  flowing  out  of  Lochan 
Fada,  they  are  found  to  have  over- 
lapped on  to  the  fucoid-beds,  while  a 
little  further  down  the  burn  they  have 
been  brought  against  the  pipe-rock  by 
a  nonnal  fault.  From  this  point  south- 
wards to  Strath  Kanaird  the  schists 
and  flagstones  rest  on  different  horizons 
of  the  Cambrian  series,  passing  trans-' 
gressively  from  basal  limestone  to 
fucoid-beds,  and  from  fucoid-beds  to 
limestone. 
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At  the  Strath  Kaiiaird  fault,  by  which  the  Moine  thrust,  as 
well  as  the  underlying  Cambrian  strata,  htis  been  shifted  up  the 
Talley  to  Achnacairnen,  the  river  has  laid  bare  a  small  area  of 
Lewistan  pneiss  in  the  bottom  of  the  valley  beneath  the  thin 
capping  01  mica-3chist.  The  gneiss  has  no  doubt  been  brought 
forward  upon  the  same  thrust-plane  that  has  borne  along  the 
much  larger  mass  of  Lewisian  rock  exposed  by  denudation  nearly 
a  mile  further  east  at  Langwell.  The  Langwell  inlier  rests 
upon  the  pilcd-up  Cambrian  beds,  but  at  Acnnacaimen  these 
have  been  overlapped,  and  the  gneiss  rests  directly  upon  the 
undisturbed  basal  limestone.  Additional  proof  of  the  further 
overlap  of  this  thrust  and  of  the  thinness  of  the  cake  of  achistose 
rocks  towards  the  outcrop  of  the  thrust-plane,  is  found  in  the 
occurrence  of  a  small  lenticiilar  area  of  gneiss  exposed  between 
the  serpulite-grit  and  the  thrust-plane  at  the  roadside  three- 
quarters  of  a  mile  north  of  Aehendrean, 

In  the  district  between  Strath  ICanaird  and  Strath  na 
Sheallag  the  belt  of  complication  presents  no  marked 
physical  features.  In  Strath  Kanaird  south  of  the  river, 
where  its  area  is  increased  by  normal  faultij,  it  is  as  much 
as  two  miles  broad,  but  for  the  most  part  less  than  200  feet  in 
height  above  the  sea.  Between  this  valley  and  that  of  the 
Ullapool  River  its  width  varies  fi-ora  a  quarter  to  half  a  mile,  and 
its  surface  rises  (o  heights  of  GOO  or  700  feet.  In  the  valley 
below  Loch  Achall  it  widens  out  to  us  much  as  a  mile,  but  in  the 
intervening  ground  across  to  Loch  Broom  it  never  exceeds  halt 
B  mile.  On  the  west  side  of  Loch  Broom  it  stretches  for  a  mile 
along  the  shore,  and  mounts  up  from  sea-level  to  a  height  of 
about  Vlbi)  feet.  To  (he  ea^t  oi  Dnndonud!  Lodge  it  expands  in 
an  interesting  anticline  for  more  than  a  mile,  but  rapidly 
contracts  to  the  southward  until  in  places  it  is  reduced  to  a  mere 
narrow  stripe,  in  which  only  the  Moine  thrust-plane  can  be  seen. 
In  the  ground  between  tne  Strathbeg  valley  and  Strath  na 
Sheallag  the  belt  reaches  its  highest  point  in  this  district,  attain- 
ing there  a  height  of  1500  feet. 

The  complexity  of  structure  and  the  number  of  the  thrusts 
vary  considerably  in  different  parts  of  this  district.  While,  as  a 
rule,  the  wider  the  belt  the  greater  is  its  complication, 
occasionally,  as,  for  example,  due  east  of  Ullapool,  more 
thrust-planes  may  be  observed  in  a  width  of  about  300  yards 
than  in  some  of  the  widest  parts.  At  that  place  six  or  seven 
important  thrusts  may  be  counted,  although  generally  there  are 
not  more  than  three.  The  uppermost  of  these  is  the  great 
Moine  thrust,  which  brings  on  the  Eastern  schists,  and  runs 
continuously  through  the  district.  Its  plane  dips  at  a  less  angle 
than  those  of  the  others,  which  consequently  it  occasionally  over- 
laps, so  as  to  give  rise  to  the  deceptive  appearance  of  a  regular 
transition  from  the  Cambrian  strata  up  into  the  Moine-schists. 
The  other  thrusts  cannot  be  certainly  identified  from  one  part  of 
the  district  to  another,  seeing  that  they  cannot  be  traced  con- 
tinuously and  that  the  material  brought  forward  by  any  one 
thrust  is  not  always  the  same. 
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The  comparatively  simple  structure  which  prevails  for  nearly 
six  miles  south  from  Knockan  ceases  at  Strath  Kanaird,  where, 
mainly  by  the  more  extensive  denudation  of  the  rocks  above  the 
Moine  thrust-plane,  but  partly  also  by  several  large  faults,  the 
belt  of  complication  has  been  exposed  over  a  width  of  two  miles. 
Near  the  hamlet  of  Achindrean  the  Torridon  Sandstone  is  over- 
lain in  the  usual  unconformable  relation  by  the  lower  members 
of  the  Cambrian  series,  which  dip  to  the  E.S.E.  at  an  angle  of 
about  15^,  and  succeed  each  other  in  their  proper  order  up  to  the 
lowest  parts  of  the  calcareous  groups.  At  that  part  of  flie  suc- 
cession the  Moine  thrust-plane  abruptly  enters  and  brings  in  the 
Eastern  schists.  Some  350  yards  eastwards  from  the  outcrop 
of  the  thrust-plane  a  large  fault,  ranging  N.N.E.  and  with  a 
westward  downthrow  of  about  400  feet,  brings  the  pipe-rock 
again  to  the  surface,  as  may  be  seen  here  and  there  in  a  few 
knolls  which  rise  out  of  the  alluvium  of  the  river.  The 
quartzite  is  succeeded  by  a  portion  of  the  fucoid-beds,  which  are 
soon  truncated  by  another  north-east  fault,  also  throwing  down 
to  the  west,  so  as  once  more  to  expose  the  pipe-rock,  fucoid-beds, 
and  serpulite-grit,  as  well  as  a  much  thicker  slice  of  the  lower 
part  of  the  limestone,  which  may  possibly  be  brought  on  by  a 
small  thrust.  Beyond  these  strata,  one  of  the  larger  thrusts 
brings  a  slice  of  Lewisian  gneiss  above  the  limestone,  and  a  little 
further  east  comes  the  Moine  thrust.  So  little  inclined  is  the 
plane  of  this  dislocation  here  that  it  forms  a  gentle  syncline 
filled  with  its  characteristic  schists,  and  emerges  again  at  the 
surface  not  far  to  the  east.  This  flat  basin  has  been  cut  across 
by  a  normal  N.N.E.  fault,  which  has  a  displacement  of  about 
150  feet,  and  shifts  the  outcrop  of  the  thrust-plane.  Owing  to 
the  removal  of  the  overlying  schists  by  denudation  the  same 
mass  of  Lewisian  gneiss  now  reappears  with  three  patches  of  the 
basal  quartzite  resting  unconformably  on  its  green  epidositic 
surface.  It  is  evident  that  these  rocks  were  brought  forward 
from  a  region  lying  to  the  east  where  no  Torridon  sandstone 
existed  in  Cambrian  time,  having  either  never  been  deposited 
there  or  having  been  denuded  before  the  deposition  of  the 
quartzite.  The  Moine  thrust-plane  above  this  mass  of  gneiss 
was  bent  into  an  anticline,  probably  not  a  simple  one,  but  with 
several  minor  folds,  which  seem  to  have  also  affected  the  under- 
lying mass. 

At  the  main  bend  of  the  stream,  nearly  a  quarter  of  a  mile 
east  of  Langwell,  an  interesting  section  affords  a  clear  view  of 
the  thrust-plane.  On  the  east  side  of  the  stream  near  the  water- 
fall from  beneath  the  flaggy  Moine-schists  the  thrust-plane 
emerges,  dipping  eastward  at  an  angle  of  4^-5^.  Immediately 
below  the  ''  sole  "  a  felted  breccia  made  up  of  crystalline  lime- 
stone and  a  decomposed  basic  dyke  lies  immediately  on  the 
gneiss.  In  some  parts  of  the  district  the  number  of  minor 
thrusts  is  considerable,  but  as  they  often  merge  into  one  another 
or  are  overlapped  by  more  important  thrusts,  sectiona  drawn 
across  adjacent  ground  but  not  far  apart  seldom  resemble  each 
other  in  their  details. 
k2 
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lentknlar  bita  of  varioos  otiier  kiada  of  m^  aerpnBta-grit, 
fiicoid-bed*,  qitartsit«,  and  evea  a  firagnent  of  a  Mae  i^hc, 

Thf^  hpanin|f-ap  nf  mateml  bv  minor  thrayts  i*  «vU  w«i  oa 
either  tide  of  tbp  outlet  of  Loeh  na  Maoile.  Ftv  i<oroe  distance 
farthrr  Hnthirard*  the  complication  becomes  less,  aod  the  belt 
of  i:<im[iIimtioa  narrov^e  w  marh  as  to  be  in  ime  plsre  not  more 
than  a  tiuiHlreil  vanLi  in  width.  It  broadeo^  again  to  the  sooth 
ol  the  large  weiit  bay  of  Loch  na  Maoile,  the  greater  part  of  its 
width  coDMftiog  of  thni«t  and  distnrbed  limestone  which  has 
been  ptuhed  arer  the  basal  qnartzite.*  The  main  thm^  by 
wkirli  nil  the<o  Cambrian  rocks  have  been  driven  forward 
coinoii]ei«,  for  xome  two  or  three  miles  Muih  of  the  large  Strath 
Kanaird  fault,  with  the  upper  fnirface  of  the  &erpulite-grit. 
Thifl  position  mar  be  seen  on  the  south  end  of  Loch  Dubh,  the 
■trata  nut  haviug  been  moved,  and  retaining  their  usual  dip  of 
I&°  to  the  E.S.E.  Immediately  to  the  east  of  these  rocks  thrast 
pijw-rock  may  be  seen  inclined  in  the  same  direction  at  Go'',  and. 
«lill  further  east,  at  40°.  To  the  west  of  Loch  Ob  au  Lochain  the 
highly-inclined  and  thrust  pipe-rock  ia  overlain  by  thrust  serpu- 
lite-grit  and  fucaid-beds  variously  disposed,  while  above  all 
comefl  a  thrust  ma.<;s  of  the  limestone  sloping  down  to  the  loch. 

From  Loch  Dubh  Beag  southwards  for  about  a  mile  the  ground 
is  covered  with  drift,  so  as  to  conceal  the  geology,  but  it  is 

E resumed  that  the  main  thrust  which  brings  on  the  quartzifc 
eeps  close  to  the  serpulite-grit,  as  it  does  in  the  ground  to  the 
north.  The  position  of  the  Moine  thrust  is  a  little  more  certain, 
nince  the  schists  crop  out  in  a  few  places.  lu  Strath  Mor,  near 
the  flources  of  the  AUatyrne  Burn,  two  large  normal  north-east 
faults  crossing  nearly  at  right  angles  repeat  certain  of  the 
iitrata,  which  are  thus  repeated  no  leas  than  four  times.  The 
structure  of  this  interesting  ground  ia  represented  in  the  section 
ffiven  in  Fig.  41. 

At  the  west  end  the  pipe-rock  (Cb)  with  its  usual  dip  is  suc- 
ceeded in  regular  order  by  the  fucoid-beds  (Ce)  and  the  serpulite- 
grit.  The  further  continuous  sequence  of  the  series  is  inter- 
rupted here  by  the  thrust,  which  brings  on  the  quartzite  (Ca). 
A    north-east   fault   (f)    soon    brings   on    the    fucoid-beds    and 

*  Tho  Hloping  surfnce  of  this  limestone  ia  known  as  Bod  nn  h-Achlaine. 
Kenrly  nil  thsaD  limestone  exposures  form  tracts  of  green  turf,  grateful  to 
nhooii  and  ploasing  to  the  eye  in  a  wildemenn  nf  rock  and  heather. 
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sorpulite-grit  again,  now  surmounted  by  a  considerable  tliickneas 
of  limestone  (Ce),  above  which  lies  the  thrust  quartzite  (Ca). 
The  thrust-plane  on  which  this  quartzite  reposes  dips  at  so  low 
an  angle  that  it  soon  overlaps  the  limestone,  as  shown  by  the 
dotted  lines  in  Fig.  41.     Where  this  thrust  next  comes  to  the 
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Fio.  41. — Section  across  upper  limit  of  AUatyme  Bum,  two  miles  north  of 

Ullapool. 

B.  Torridon  Sandstone.  Ca.  Basal  Quartzite  (Cambrian).  Cb.  Pipe-rock. 
Cc.  Fucoid-beds.  Cd.  Serpulite-grit.  Ce.  Limestone.  M.  Eastern 
Schists.     •  T.  Ben  More  thrust       T.  Moine  thrust.      f.  Faults. 

surface  it  is  overlain  by  Torridon  Sandstone.  In  the  intervening 
area  the  quartzite  must  rest  unconformably  on  the  sandstone,  as 
indicated  in  the  section.  Above  these  rocks  comes  the  Moine 
thrust  (T')  with  its  accompanying  schists,  which  are  soon  trun- 
cated by  a  fault  that  trends  to  the  south-east,  and  has  a  down- 
throw to  the  north-east  of  about  300  feet.  This  dislocation  has 
given  rise  to  a  striking  topographical  feature,  the  elevated  lime- 
stone and  Torridon  Sandstone  forming  a  low  crag  on  the  south 
side  of  the  dale,  while  the  Moine-schists  on  the  north  lie  on  a 
lower  plane.  On  the  south  side  of  the  fault  thrust  Torridon 
Sandstone  appears  at  the  surface,  but  is  quickly  cut  ofE  by  another 
large  north-east  fault  with  a  downthrow  to  the  north-west  of 
about  400  feet.  On  the  other  side  of  this  dislocation  the  upper 
part  of  the  pipe-rock  (Cb)  is  seen  at  the  surface.  Continuing  on 
our  line  of  section,  the  fucoid-beds  (Cc),  serpulite-grit  (Cd),  and 
limestone  (Ce),  with  their  usual  E.S.E.  dip,  successively  appear 
until  cut  off  by  the  thrust,  which  here,  as  between  the  two 
faults,  has  carried  forward  the  Torridon  Sandstone  (B).  Not 
far  to  the  south-east  comes  the  Moine  thrust  (T^,  together  with 
the  crystalline  flaggy  micaceous  Eastern  schists  (M). 

The  area  of  thrust  Torridon  Sandstone  here  referred  to 
broadens  out  eastward,  so  as  to  cover  a  considerable  area.  The 
inclination  of  its  strata  is  eastward,  generally  at  high  angles. 
The  southern  edge  of  this  sandstone  mass  is  very  complicated, 
the  thrust-plane  having  been  bent,  folded,  and  faulted  in  a  variety 
of  ways,  while  the  rocks  revealed  beneath  it,  which  have  been 
brought  forward  on  a  great  sole,  consist  of  a  mixed  assemblage 
of  Cambrian  strata  of  all  kinds  in  which  it  is  not  easy  to  make 
out  any  definite  arrangement.  To  the  west  in  the  unmoved 
ground  the  succession  is  perfectly  normal  up  to  the  serpulite-grit, 
but  above  that  horizon  all  is  confusion.  First  comes  a  narrow 
strip  of  limestone  some  150  yards  in  length,  with  a  strip  of 
fucoid-beds,  which  hap  been  driven  over  it.      Further  east   for 
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more  tliaa  a  hundred  yards  the  rock  appears  to  be  chiefly^  thrust 
limestone,  but  with  slices  of  I'ucoid-beds,  serpuHte-grit,  and 
quartzite.  To  ihe  north  of  this  disturbed  ground  the  thrust 
Torridon  Sandstone  forma  a  feature  which  is  conspicuous  from 
the  south  side  of  the  river.  An  exceptionally  clear  section  of 
the  thrust-plane  may  be  seen  nearly  200  yards  north  of  the 
prominent  crag  called  Creap  nam  Broc,  and  almost  due  west  of 
Glastullich.  It  dips  N.N.E.  at  an  angle  of  45°  over  the  lime- 
Btone.  A  little  further  cEist  the  thntsl-plane  again  appears, 
dipping  35°  east  of  north  at  angles  of  40°-45°.  The  area  of 
Torridon  Sandstone  accompanied  by  Lowisian  gneiss  bounds  this 
complicated  tract  on  the  east  and  south,  the  plane  of  thruat  here 
dipping  S.S.E.  at  60°-60°.  In  one  place  it  overlaps  all  the 
minor  thrusts,  so  that  for  some  30  yards  or  so  the  gneiss  corner  in 
contact  with  the  serpu  lite -grit.  The  thmst  again  trends  east- 
wards, and  in  tracing  its  course  we  soon  arrive  at  the  finest 
section  of  all,  where,  in  the  Creag  nam  Broc,  the  Torridon  Sand- 
stone lies  immediately  over  the  limestone.  The  plane  of  thrust 
here  dips  northward  at  an  angle  of  12°  over  the  limestone,  while 
the  thrust  sandstone  rises  above  it  in  an  overhanging  cliff,  so 
that  it  can  be  examined  under  the  most  favourable  circum- 
stances. To  the  east  of  this  section  the  rocks  above  the  thrust- 
plane  have  been  removed  by  denudation,  so  as  to  lay  bare  the 
underlying  limestone  over  a  considerable  area.  The  structure 
of  this  portion  of  the  district  is  illustrated  by  Fig.  42. 


Fro.  42.— Section  in  Achall  Valley,  l\  miles  N.N.E  of  Ullapool 

,  Lewisian  Gneiaa.  B.  Torridon  Sandatone.  Bb.  Applecross  group 
(Torridonian).  Ca.  Basal  Qutirtzite  (Cambriou).  Cb.  Fipe-rock. 
Cc.  Fucoid-beda.  Cd.  Serpulite-grit  Ce.  Limeskine.  M.  East«rn 
Sohiate.      T.  Thruste.      T.  Moine  thruat.      f.  Faults. 


This  section,  beginning  on  the  west  near  the  small  bum  called 
Allt  Glac  an't  Seilich,  runs  in  a  direction  east  by  south  towards 
the  outlet  of  Loch  Achall.  The  pipe-rock  (Cb)  is  here  succeeded 
in  regular  order  and  with  the  usual  dip  to  E.S.E.  by  the  fucoid- 
beda  and  serpulite-gtit  (Cc  and  Od).  These  strata  are  overlain 
by  the  thrust-plane,  on  which  in  the  triangular  area,  above 
referred  to,  the  limestone  and  other  rocks  have  been  thrust 
together  in  great  confusion.  Next  comes  a  smaller  thrust  bring- 
ing in  a  slice  of  the  pipe-rock,  and  then  one  of  the  larger  thrusts, 
which  has  carried  forward  a  portion  of  the  Lewisian  gneiss  (A). 
A  small  fault  (f)  here  throws  down  all  these  rocks  to  the  east. 
On  its  further  side  the  thrust-plane,  as  well  as  the  rocks  resting 
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on  it,  has  been  bent  into  a  synclinal  fold,  in  which  the  Torridon 
Sandstone  (B)  lies  unconformably  on  the  gneiss  (A).  This 
thrust,  whereby  the  gneiss  has  been  driven  forward,  must  over- 
lap the  lower  thrust,  which  has  pushed  the  quartzite  over  the 
limestone.  The  latter  member  of  the  Cambrian  series  is  here 
apparently  of  great  thickness,  with  a  south-easterly  dip  of  40^  to 
50°.  Though  the  strata  have  probably  been  repeated  by  minor 
thrusts,  they  show  no  trace  of  the  folaing  that  has  affected  the 
overlying  thrust-planes.  These  planes  before  their  denudation 
must  have  arched  over  the  limestone  somewhat  in  the  manner 
represented  by  the  dotted  lines  in  the  section.  On  the  east  side 
of  the  anticline  the  quartzite  lying  on  its  thrust-plane  is  overlain 
in  turn  by  the  higher  dislocation,  which  once  more  brings  in 
view  the  gneiss  with  its  covering  of  unconformable  Torridon 
Sandstone.  Owing  to  a  small  noimal  north-easterly  fault  the 
gneiss  again  appears  at  the  surface  until  further  east  it  passes 
finally  under  the  Torridon  Sandstone  (Bb).  Some  patches  of 
the  basal  quartzite  (Ca)  which  have  survived  on  the  surface  of 
the  sandstone  not  only  illustrate  the  double  unconformability 
of  the  Torridon  series  on  the  Lewisian  gneiss  and  of  the 
Cambrian  quartzite  on  the  Torridonian  Sandstone,  but  indicate 
that  the  latter  rock  has  been  driven  forward  from  some  now  con- 
cealed eastern  area  where  its  thickness  is  not  great.  The 
thrust  rocks  oii  Strath  Kanaird  prove  that  no  Torridon  Sandstone 
existed  at  that  place  in  Cambrian  time,  for  the  quartzite  rests 
there  immediately  on  the  Lewisian  gneiss.  Beyond  some 
obscure  ground  the  section  reaches  the  Moine  thrust  and  enters 
the  region  of  the  Eastern  schists  (M). 
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Fig.  43. — Section  from  Loch  Broom  across  the  Braes  of  Ullapool  to  Allt 

Creagan  Buraige. 

A.  Lewisian  Gneiss.  B.  Torridon  Sandstone.  Bb.  Applecross  group 
(Torridonian).  Ga.  Basal  Quartzite  (Cambrian).  Cb.  Pipe-rock, 
Cc.  Fucoid-beds.  Cd.  Serpulite-grit.  Ce.  Limestone.  M.  Eastern 
Schists.  G.  Intrusive  Igneous  Rock  in  Moine-schist.  T.  Thrusts. 
T'.  Moine  thrust. 

The  section  represented  in  Fig.  43  runs  parallel  to  that  in 
Fig.  42  at  a  distance  to  the  south  of  rather  more  than  a  quarter 
of  a  mile.  It  starts  in  the  basal  quartzite  at  the  level  of  Loch 
Broom,  about  100  yards  south  of  the  marked  bend  in  the  road 
that  occurs  half  a  mile  south-east  of  the  Royal  Hotel.  The 
basal  quartzite,  pipe-rock,  fucoid-beds,  and  serpulite-grit  lie  here 
on  the  Torridon  Sandstone  quite  undisturbed,  and  showing  the 
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asual  dip  to  the  E.S.E.  of  about  \b°.  Immediately  above  them, 
however,  a  thrust  has  driven  forward  a  strip  of  Torridon  Sand- 
stone, followed  by  the  quartzite  (Ca,  Cb)  and  succeeding  mem- 
bers of  the  Cambrian  series,  dipping  to  the  east  at  30°-40°. 
Above  the  top  of  the  fucoid-beds,  however,  comes  the  Lewisiau 
gneiss,  though  the  serpulite-grit  (Cd)  and  limestone  (Ce)  pro- 
bably supervene  in  their  proper  order  underneath  the  thnist- 
plane,  as  repreaeutcd  in  the  section.  The  exact  place  of  the 
Moine  thrust  cannot  here  be  &sed,  as  the  ground  is  obscured 
with  drift,  but  in  the  higher  ground  the  Eastern  schists  (M) 
come  on  with  their  usual  flaggy  chai'acter  and  low  easterly  dip 
of  100-150. 


Fio.  44. — Seation   from   Loch   Broom,   350  yaiiia  north  £roiii  Corry   Puiut, 
enstward  to  beyond  High  Road. 

A.   LewiaUn  Gnoisa.         lib.   Ap|>leci'oss  ki'ou)>  (Ton'idoninn).  Co..   Ita^d 

QuttrtKite  (Cambrian).  Cb,    Pipe-ntck.  Cc.   Fuooid-bwds. 

Cd.    Her]>ulite-grit.  Ce.    LirneaU>u(>.  M.    Gasttim  ScliiBte. 

T,   Tlirusta.  T.   Moine  thrust. 


A  section  drawn  ahout  11  mile  further  Houth  than  the  last  shows 
the  structure  represented  in  Fig.  44,  The  Torridon  Sandstone, 
basal  quartzite,  pipe-rock,  and  fucoid-beds  are  here  concealed 
under  the  waters  of  the  loch.  The  serpulite-grit,  however,  is 
seen,  followed  by  some  15  to  20  feet  of  a  whitish  limestone,  above 
which  a  thick  mass  of  Torridon  Sandstone  (lib)  has  been  driven 
by  a  thrust,  of  which  the  plane  dips  to  the  south-east  at  25°-30°. 
The  lower  part  of  the  sandstone,  which  is  coarse,  has  been  drawn 
out,  and  is  crushed  or  mylonised,  its  usual  pinkish  or  brown 
colour  being  changed  to  green.  Further  east  the  sandstone  is 
overlain  wifli  quartzite  (Ca),  the  line  of  junction  being  possibly 
a  slight  thrust.  The  whole  of  these  thrust  rocks  have  been  so 
disturbed  and  contorted  that  it  is  not  easy  to  estimate  their 
thickness.  As  in  the  previous  sections,  a  mass  of  Lewisiaa 
gneiss  (A)  with  patches  of  Torridon  Sandstone  resting  on  it  has 
been  driven  over  the  quartzite.  In  places  the  plane  of  the 
thrust  by  which  this  displacement  has  been  produced  dips  at  a 
gentle  angle,  while  in  others  it  has  been  thrown  into  a  series  of 
rather  sharp  folds,  so  that  its  outcrop  at  the  surface  is  very 
irregular.  In  several  places  near  the  edge  of  the  thrust-plane 
the  normal  positions  of  the  Torridon  Sandstone  and  the  gneiss 
are  reversed,  and  the  former  appears  to  dip  under  the  latter  at  a 
high  angle,  as  on  the  eastern  side  of  an  anticline  which  bounds 
the  quartzite,  where  the  younger  formation  dips  under  the  older 
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at  angles  of  30^-45^.  A  little  to  the  west  of  the  road  the  Moine 
thrust  is  met  with,  followed  as  usual  by  the  schists  (M),  which  it 
introduces.  These  schists,  dipping  eastwards  at  a  gentle  angle 
but  occasionally  crumpled,  are  well  exposed  at  the  head  of  the 
bay  of  Loch  Broom,  called  Camas  an  Daimh.  They  are  underlain 
immediately  to  the  west  by  a  crushed  rock,  not  improbably 
Torridon  Sandstone,  and  then  by  the  granitoid  gneiss,  whicn 
now  comes  on  in  force  for  a  distance  of  500  yards  along  the 
shore  as  a  massive  acid  rock  that  offers  a  marked  contrast  in 
character  to  the  flaggy  Moine-schists. 

The  belt  of  complication  in  its  southward  course  now  passes 
under  the  waters  of  Loch  Broom.  On  the  south-western  side  of 
this  inlet  of  the  sea  it  is  found  considerably  to  the  south,  the 
Moine  thrust,  for  example,  being  about  a  mile  to  the  south  of  its 
position  where  last  seen  on  the  opposite  side.  The  plane  of  this 
thrust  crops  out  opposite  to  Leckmelm  House,  and  dips  to  the 
E.S.E.  at  10°  over  much-altered  Torridon  Sandstone.  It  is 
immediately  surmounted  by  the  usual  flaggy,  grey  quartzo- 
micaceous  schists.  The  outcrop  of  the  thrust-plane  trends  at 
first  westwards,  and  then  north  of  west  for  nearly  a  mile  and  a 
half  altogether,  rising  gradually  to  over  a  thousand  feet  above 
the  sea,  and  in  the  western  part  of  its  course  forms  a  fine  topo- 
graphical feature.  The  gentle  south-easterly  dip  of  this  plane 
or  "  sole  "  exactly  coincides  in  some  places  with  the  slope  of  the 
ground.  Only  one  other  thrust  makes  its  appearance  here;  it 
is  probably  the  continuation  of  that  which  brings  on  the 
Lewisian  gneiss  and  patches  of  Torridon  Sandstone  to  the  east 
of  Corry  Point  on  the  opposite  side  of  the  loch.  On  the  shore  its 
position  is  at  first  hidden  by  the  raised  beach  of  Newton  Loegie, 
but  it  comes  into  sight  west  of  the  rocky  knoll  on  which  stand  the 
ruins  of  the  old  Pictish  tower  called  Dun  Lagaidh.  The  plane 
of  this  thrust  seems  for  a  long  distance  to  keep  an  even  surface 
at  the  top  of  the  serpulite-grit,  over  which  comes  a  mass  of 
Lewisian  gneiss,  covered  with  many  unconformable  patches  of 
Torridon  Sandstone.  The  gneiss  continues  to  be  the  rock 
immediately  resting  on  the  sole  of  the  thrust  as  far  south  as  a 
little  beyond  Loch  Lagaidh.  The  overlying  Torridon  Sandstone, 
much  altered  and  with  its  bedding  generally  confused,  now  comes 
to  lie  on  the  thrust-plane  for  a  quarter  of  a  mile  as  a  band  not 
more  than  70  or  80  yards  broad.  The  gneiss  soon  reappears, 
however,  for  a  short  distance  next  to  the  thrust-plane  until  the 
sandstone  resumes  its  place  between  that  plane  and  the  much- 
disturbed  Cambrian  strata. 

The  most  remarkable  feature  along  this  part  of  the  belt  of 
complication  is  to  be  observed  on  the  slopes  of  the  great  ridge 
that  rises  to  the  east  of  Dundonnell  Lodge,  where,  as  shown  on 
Sheet  92,  an  anticlinal  loop  of  the  thrust  rocks  strikes  eastwards 
for  about  a  mile,  while  the  main  mass  of  the  Torridon  Sandstone 
and  of  the  Cambrian  rocks  that  lie  immediately  to  the  westward 
have  been  unaffected  by  this  plication.  The  outcrop  of  the 
Moine  thrust-plane  bends  eastward  on  the  north  of  this  fold  to 
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rpturn  again  on  the  eoutli  side,  and  resume  thereafter  its  usual 
BHUtlierly  directiou.  But  this  singular  disturbance  is  not  con- 
fined to  the  rocks  that  underlie  the  thrust-plane.  It  t^ontinues 
iu  the  ciystalline  achista,  which  are  found  to  be  vertical  or 
nearly  so,  right  across 
,-,•-'-:  \  the  whole  ridge  east- 

1"  ward    through    Cnoc 

■5  ail    Droighinn  to  the 

"%  edge  of  Loch  Broom. 

d  Not  only  so,  but  on 

5  a  the  opposite  side  of 
•^  %  the  loch  high  dipa 
f!  S  also  prevail  among  the 
O*^  ^  Eastern  schists  on  this 
■g  o  g  line  of  complication 
J     5      for  a  loug  way  to  the 

J    .       , 9i^^  tTM  «  ^      ^^*"    ^'though  much 

§   '■-,  ^'"--^'ff^^Ss  1        tjsy      "^  '■*'*'  ground  is  ob- 

!9       ""''■'    ^^^^^S  —  —  ■      ^'^"'■^   ^J   P^"-^    i"!^ 

S  "'"'■^^Bflf'  '^  —^      drift,  enough  of  rock  is 

S  KvlRrS'  —        .-i"!         exposed  at  the  surface 

la-      to   afford  a  probable 

c^  g      clue   to    the   general 

|o  J      structure  of  this  poi^ 

■z,    ^      tion  of  the  complicated 

"^    (ri      belt.     The  section  in 

a_s         Fig-  45  explains  what 

SiJ  ,      is  believed  to  be  the 

y:«-|      arrangement    of    the 

g  8-|      rocka    here.       It     is 

St.'^      di-awn   from   a  point 

^  d  ^      on  the  Ullapool  road 

^     3      in    a    south -easterly 

g       _      direction  up  the  steep 

jS      slope    and    across    a 

'i         portion  of  the  plateau 

.J  i         above. 

i~  TheTon-idonSand- 

j  .  stone  and  the  ovep- 
B  g  lying  unconformable 
I  Cambrian    strata   are 

i  here  lying  undisturbed 

-  in  their  normal  posi- 

^  tion.        Some    slight 

di.-placeiiu'nta  begin 
to  be  observable  in 
the  fucoid-beds,  and  the  dip  of  these  strata  rises  to  20°  or  30°. 
Eventually,  however,  after  several  minor  thrusts  and  repetitions, 
the  lower  part  of  the  limestone  (Ce)  makes  its  appearance,  only 
to  he  immediately  truncated  by  the  thrust  which  brings  up  the 
Torridon  Sandstone,  much  crushed  and  otherwise  altered,  aud 
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veined  with  strings  of  quartz  with  a  core  of  Lewisian  gneiss  in 
its  midst.  Then  follows  the  great  Moine  thrust  (T^)  with  its 
accompanying  flaggy  schists.  Up  to  this  point  the  section 
merely  repeats  the  sequence  of  rocks  seen  further  north.  But  on 
the  plateau  a  little  further  to  the  south-east  the  anticlinal  fold 
abruptly  makes  its  appearance.  Along  the  western  part  of  the 
axis  of  this  fold  an  almost  continuous  outcrop  of  the  fucoid-beds 
can  be  followed  for  a  distance  of  about  650  yards.  These  strata 
are  everywhere  vertical,  and  probably  their  whole  thickness  may 
be  represented  here  on  each  side  of  the  axis,  as  the  breadth  of  their 
double  outcrop  is  in  some  places  nearly  150  feet.  About  150 
yards  t-o  the  north-east  of  the  Ordnance  station  (^  1193)  on  Creag 
Chorcurach  (Sheet  92)  a  small  exposure  of  serpulite-grit  on  the 
south  side  of  the  axis  leads  to  the  presumption  that  this  rock 
overlies  the  fucoid-beds.  A  strip  of  thrust  quartzite  (Ca)  pro- 
bablv  runs  along  both  sides  of  the  anticline,  flanked  by  Tomdon 
Sandstone  (Bb)  as  a  continuous  band  connected  with  the  tract 
to  the  north  and  running  all  round  the  flanks  of  the  anticline. 
As  the  sandstone  from  its  position  on  the  north  side  of  the  fold 
must  obviously  overlie  the  quartzite  there,  it  has  evidentlv  been 
brought  into  that  position  by  a  thrust.  The  quartzite  in  like 
manner  must  have  been  driven  over  the  serpulite-grit.  The 
'*  soles"  of  these  several  thrusts  have  been  ridged  up  together 
with  the  strata  between  them,  and  now  appear  folded  in  anti- 
clinal form  as  if  they  had  been  original  stratification-planes. 
Moreover,  it  is  evident  that  all  these  rocks  have  been  brought 
forward  on  a  thrust-plane  which  has  not  been  affected  by  the 
anticlinal  folding,  seeing  that  the  quartzite  and  Torridon  Sand- 
stone lying  to  the  west  have  remained  undisturbed. 

The  actual  outcrop  of  the  Moine  thrust-plane  is  obscured  on 
both  sides  of  the  anticline.  On  the  south  side  the  Torridon 
Sandstone,  here  a  light-coloured  siliceous  grit,  sometimes  a  con- 
glomerate, has  been  rendered  so  schistose  as  at  first  sight  to  be 
barely  recognisable.  Traced  further  to  the  south-east  it  assumes 
a  more  and  more  altered  condition  until  it  becomes  so  like  the 
flaggy  Eastern  schists  near  the  Moine  thrust  that  the  two  groups 
of  rock  can  hardly  be  distinguished  from  each  other.  To  the 
east  of  the  Ordnance  station  on  Creag  Chorcurach  occasional 
bands  of  a  coarse  gritty  schist  or  crushed  gneiss  alternate  with 
bands  of  finer  grain  like  the  Moine-schists.  Whether  or  not  the 
whole  of  this  material  should  be  regarded  as  altered  Torridon 
Sandstone  and  Lewisian  gneiss  remains  undecided. 

Along  the  course  of  the  belt  of  complicated  structure  for  a  long 
distance  southwards  the  pipe-rock  is  not  followed  by  any  of  the 
later  members  of  the  Cambrian  series,  but  by  a  thrust-plane  on 
which  rests  a  thick  mass  of  siliceous  mylonite,  forming  tne  under 
part  of  the  crop  east  of  Dundonnell  House  and  the  ground  further 
south.  The  next  rock  visible  is  the  flaggy  Moine-schist,  but 
the  boundary  between  it  and  the  underlying  mylonite  is  ill- 
defined.  The  two  rocks  seem  to  graduate  into  each  other  as  in 
other  places  in  the  districts  to  the  north.     The  mylonite  may  not 
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improbably  be  composed  not  only  of  the  crushed  and  rolled-out 
members  of  tiie  Cambrian  series  and  the  Torridon  SandHtouc, 
but  also  of  crushed  crystalline- schist. 

So  greatly  doea  the  belt  of  complication  contract  in  width  as 
it  goea  soutnward  that  for  some  distance  there  may  possibly  be 
no  recognisable  thrust  rock  at  all  at  the  surface.  From  an 
examination  of  the  rocks  in  Strath  Beg  alone  one  could  hardly 
come  to  any  other  conclusion  than  that  the  Moine-schista  overlie 
the  Cambrian  rocks  conformably  aa  was  formerly  believed. 
Rather  more  than  a  mile  further  south  the  serpulite-grit  once 
more  shows  itself,  with  a  strip  of  deformed  guartzite  thrust 
between  it  and  the  Eastern  schists.  The  fucoid-beds  likewise 
make  their  appearance,  but  much  dislocated  and  displaced.  The 
whole  of  the  rocka  here  have  been  greatly  disturbed.  They  pass 
under  a  mass  of  thrust  Torridon  Sandstone,  which,  as  usual  tn 
this  district,  has  been  much  deformed  by  pressure  and  is  full  of 
quartz-veins.  This  mass  is  truncated  bv  the  Moine  thrust-plane, 
which  lies  nearly  flat  or  gently  undulating,  and  supports  the 
Eaatern  schist^).  As  the  foliation -planes  of  these  scnists  are 
inclined  at  a  considerable  aiigie,  they  must  abut  against  the  sole 
of  the  thrust.  The  foliation-planes  certainly  coincide  here  with 
(hose  of  stratification,  for  Ibey  separate  bands  that  distinctly 
difier  from  each  other  in  litliological  composition. 


CHAPTER   XXXVII. 

STRUCTURE  OF  THE  GROUND  FROM  STRATH  NA 
SHEALLAG  BY  LOCH  MAREE  TO  AUCHNA- 
SHELLACH.* 

In  the  tract  to  be  described  in  the  present  chapter  the  complicated 
structure  of  the  North-West  Highlands  attains  a  development 
comparable  to  that  so  well  displayed  in  Assynt  (Cnapter 
XXXV.).  In  the  northern  portion  of  the  district  within  the 
Dundonnell  Forest,  as  in  the  ground  described  in  the  last 
chapter,  the  complicated  belt  lying  to  the  west  of  the  Moine 
thrust  is  only  about  a  quarter  of  a  mile  broad,  but  further  south 
around  the  head  of  Loch  Maree  its  width  increases  to  some  three 
miles,  and  in  the  Auchnashellach  Forest  to  four  miles.  More- 
over, in  the  northern  tract  the  visible  structure  is  comparatively 
simple,  owing  partly  to  the  narrowness  of  the  belt  of  complica- 
tion and  partly  to  the  absence  of  imbricate  etructure  in  advance 
of  the  Ben  More  thrust  on  MuUach  Coire  Mhic  Fhearchair.  (Fig. 
47.)  Southwards,  however,  between  the  Heights  of  Kinlochewe 
and  Auchnashellach  striking  proofs  are  displayed  (1)  of  the  re- 
duplication of  the  strata  over  miles  of  ground  by  inverted  folds 
and  minor  reversed  faults  in  advance  of  the  powerful  lines  of 
disruption,  (2)  of  the  folding  and  faulting  of  the  great  thrust- 
planes,  (3)  of  the  formation  of  a  large  outlier  of  displaced 
materials  overlying  the  Kinlochewe  thrust-plane,  and  (4)  of  the 
deformation  of  the  Torridon  Sandstone  to  the  west  of  the  Moine- 
schists  in  the  neighbourhood  of  Coulin  south  of  Kinlochewe.  In 
the  following  description  of  this  district,  the  Kinlochewe  thrust 
is  regarded  as  the  equivalent  of  the  Ben  More  thrust  in  Assjmt 
and  of  the  Kishorn  displacement  near  Stromeferry. 

The  narrowness  of  the  belt  of  complication  in  Strath  na 
Sheallag  and  southwards  in  the  direction  of  Loch  an  Nid  is 
illustrated  by  the  accompanying  section  (Fig.  46),  visible  in  a 
small  stream  on  the  eastern  side  of  the  valley,  which  joins  the 
Loch  an  Nid  River  about  half  a  mile  east  of  Achneigie.  Above 
the  point  where  the  tributary  enters  the  alluvium  of  the  main 
valley  an  ascending  sequence  of  undisturbed  Cambrian  strata 

♦This  chapter  has  been  prepared  by  B.  N.  Peach  and  J.  Home,  with 
notes  from  E.  Greenly.  The  district  described  is  comprised  in  Sheets  82  and 
92  of  the  map  of  Scotbind,  on  the  scale  of  1  inch  to  a  mile  (rriirv)- 
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improbably  be  composed  not  only  of  the  crusbed  and  rolled-out 
members  of  tbe  Cambrian  series  and  tbe  Tonidon  Sandstone, 
but  also  of  crushed  crystalline-schist. 

So  greatly  does  the  belt  of  complication  contract  in  width  as 
it  g;oe3  southward  that  for  some  distance  there  may  possibly  be 
no  recognisable  thrust  rock  at  all  at  the  surface.  From  an 
examination  of  the  rocks  in  Strath  Ueg  alone  one  could  hardly 
come  to  any  other  conclusion  than  that  the  Moine-schists  overlie 
the  Cambrian  rocks  conformably  as  was  formerly  believed. 
Rather  more  than  a  mile  further  south  the  serpulite-grit  once 
more  shows  itself,  with  a  strip  of  deformed  quartzite  thrust 
between  it  and  the  Eastern  echista.  The  fucoid-beds  likewise 
make  their  appearance,  but  much  dislocated  and  displaced.  The 
whole  of  the  rocks  here  have  been  greatly  disturbed.  They  pass 
under  a  mass  of  thrust  Torridon  Sandstone,  which,  as  usual  in 
this  district,  has  been  much  deformed  by  pressure  and  i.s  full  of 
quartz-veins.  This  mass  is  truncated  by  the  Moine  thrust-plane, 
which  lies  nearly  flat  or  gently  undulating,  and  supports  the 
Eastern  schists.  As  the  foliation-planes  of  these  schists  are 
inclined  at  a  considerable  angle,  they  must  abut  against  the  sole 
of  the  thrust.  The  foliation-planes  certainly  coincide  here  with 
those  of  stratification,  for  they  separate  bands  that  distinctly 
differ  from  each  other  in  lithological  composition. 
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CHAPTER   XXXVII. 

STRUCTURE  OF  THE  GROUND  FROM  STRATH  NA 
SHEALLAG  BY  LOCH  MAREE  TO  AUCHNA- 
SHELLACH.* 

In  the  tract  to  be  described  in  the  present  chapter  the  complicated 
structure  of  the  North-West  Highlands  attains  a  development 
comparable  to  that  so  well  displayed  in  Assynt  (Cnapter 
XX XV.).  In  the  northern  poi-tion  of  the  district  within  the 
Uundonnell  Forest,  as  in  the  ground  described  in  the  last 
chapter,  the  complicated  belt  lying  to  the  west  of  the  Moine 
thrust  is  only  about  a  quarter  of  a  mile  broad,  but  further  south 
around  the  head  of  Loch  Maree  its  width  increases  to  some  three 
miles,  and  in  the  Auchnashellach  Forest  to  four  miles.  More- 
over, in  the  northern  tract  the  visible  structure  is  comparatively 
simple,  owing  partlv  to  the  narrowness  of  the  belt  of  complica- 
tion and  partly  to  the  absence  of  imbricate  structure  in  advance 
of  the  Ben  More  thrust  on  Mullach  Coire  Mhic  Fhearchair.  (Fig. 
47.)  Southwards,  however,  between  the  Heights  of  Kinlochewe 
and  Auchnashellach  striking  proofs  are  displayed  (1)  of  the  re- 
duplication of  the  strata  over  miles  of  ground  by  inverted  folds 
and  minor  reversed  faults  in  advance  of  the  powerful  lines  of 
disruption,  (2)  of  the  folding  and  faulting  of  the  great  thrust- 
planes,  (3)  of  the  formation  of  a  large  outlier  of  displaced 
materials  overlying  the  Kinlochewe  thrust-plane,  and  (4)  of  the 
deformation  of  the  Torridon  Sandstone  to  the  west  of  the  Moine- 
schists  in  the  neighbourhood  of  Coulin  south  of  Kinlochewe.  In 
the  following  description  of  this  district,  the  Kinlochewe  thrust 
is  regarded  as  the  equivalent  of  the  Ben  More  thrust  in  Assynt 
and  of  the  Kishorn  displacement  near  Stromeferry. 

The  narrowness  of  the  belt  of  complication  in  Strath  na 
Sheallag  and  southwards  in  the  direction  of  Loch  an  Nid  is 
illustrated  by  the  accompanying  section  (Fig.  46),  visible  in  a 
small  stream  on  the  eastern  side  of  the  valley,  which  joins  the 
Loch  an  Nid  River  about  half  a  mile  east  of  Achneigie.  Above 
the  point  where  the  tributary  enters  the  alluvium  of  the  main 
valley  an  ascending  sequence  of  undisturbed  Cambrian  strata 

♦This  chapter  has  been  prepared  by  B.  N.  Peach  and  J.  Home,  with 
notes  from  E.  Greenly.  Tlie  district  described  is  comprised  in  Sheets  82  and 
92  of  the  map  of  Scotbind,  on  the  scale  of  1  inch  to  a  mUe  (rriirv)- 
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cau  be  followed  frtim  the  liasal  quartzites  (Ca)  to  the  fucoid-beds 
and  sei'pulite-grit  (Cd).  Just  above  the  point  where  the  bum  is 
crossed  by  the  Liil-roiid  leading  to  Duudounell,  the  upper  por- 
tion of  the  fucoid-bpds  (Cc)  ia  exposed,  together  with  the  bands 
of  dark-blue  shale  fCe'),  which  first  yielded  the  Olnielliis  fauna. 
The  Qoriual  succession  of  strata  is  here  interrupted  by  a  power- 
ful thrust  (Ben  More  and  KinlocLewe)  which  has  brought  for- 
ward a  thin  wedge  of  Torridon   Sandstone   (B),  considerably 


Unjth  of  section -400 /OJi/a 
PlO.  46.— Section  in  AUt  Righ  lain,  Strath -na-ShonUiig,  Dundonnoll  Forest 

A.  Lewisian  Gneiss.  B.  Toitidun  Snndetone.  Ca.  Bitsal  Quai'tzitB  (Cam- 
briAii).  Cb.  Pipo-rock.  Cc.  Fucoid-beds.  Cc'.  UlrneUus  Bond, 
^j     D 1;. .  n ._    Limestone.  M.    Eastern  Sohists. 


crushed,  of  a  greyish  tint.  Not  far  to  the  east  the  aaodatone  is 
abruptly  truncated  by  the  Moine  thrust  (T')  and  Eastern  schists, 
the  line  of  disruption  being  clearly  displayed  on  the  hanks  of 
the  stream.  When  traced  southwards  in  the  direction  of  Loch 
an  Xid  Ihi*  slice  of  Tin  H^bn.  Siuidston^-  innya*cs  in  thickness, 
and  is  seen  to  rest  unconformably  on  Lewisian  rocks  (A),  the 
materials  having  been  driven  westwards  along  the  Ben  More 
thrust-plane,  the  outcrop  of  which  can  be  easily  traced  for  about 
a  mile  on  the  prominent  crag  on  the  east  side  of  the  valley. 
(Sheet  92.)  _ 

The  relations  of  the  strata  at  Loch  an  Nid  and  in  the 
mountainous  ground  to  the  west  are  shown  in  the  section  given 
in  Fig.  47.  The  western  part  of  this  section,  beyond  the  belt  of 
complication,  illustrates  how  uneven  was  the  land-surface  on 
which  the  Torridonian  sediments  were  laid  down.  On  the 
western  slope  of  Mnllach  Coire  ilhic  Fhearchair  these  sandstones 
and  grits  (Bb),  which  reach  there  a  thickness  of  about  2000  feet, 
can  be  seen  to  have  been  accnmtilated  around  and  above  hills 
of  Lewisian  gneiss  that  rise  to  a  height  of  1000  feet,  and  are  now 
gradually  being  uncovered  in  the  progress  of  denudation. 
Above  this  pile  of  sediment  the  Cambrian  quartzites  (Ca)  rest 
unconformably  on  the  eroded  edges  of  the  lorridon  Sandstone, 
followed  in  order  by  the  pipe-rock  (Cb),  the  fucoid-beds  (Cc), 
serpulite-grit  (Cd),  and  a  few  feet  of  the  basal  dolomite  (Ce). 
At  thia  point  in  the  Cambrian  series  the  undisturbed  strata  are 
abruptly  truncated  by  the  Kinlochewe  thrust,  which  has 
brought  westwards  a  cake  of  Lewisian  basic  and  acid  gneisses 
traversed  by  epidiorilie  dykes  (B°).      These  rocks  (A)  rest  on  the 
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inclined  thrnst-plaDe  (T),  aud  foiin  a  serrated  lidge  on  the 
eastern  slope  of  the  mnunfain.  Several  minor  tlirusts  or 
reversed  faults,  not  sliown  in  the  figure,  affect  the  course  of  the 
dykes.  On  the  west  side  of  the  Loch  an  Kid  valley,  on  the  dip 
slope  of  Sgnrr  Ban,  a  small  patch  of  gneiss,  which  haa  been 
isolated  by  denudation  from  the  thrust  mass  on  Mullach  Coire 
Mhic  Fhearchair,  is  named  Meallau  an  Laoigh  (the  calf  hillock). 
The  fucoid-beds  and  scrpulite-grit  can  be  traced  round  this  out^ 
lier,  and  the  basal  dolomite  appears  on  its  western  side,  trun- 
cated in  like  manner  by  the  Kmlochewe  thrust.  (Sheet  92  and 
Fig.  47.)  No  trace,  however,  can  here  be  seen  of  any  imbricate 
structure  beneath  the  slice  of  Lewisiau  rocks.  The  remarkable 
pilin<j-up  of  the  Cambrian  strata  in  advance  of  the  displaced 
gneiss,  so  conspicuous  in  Eireholl  and  AssjTit,  is  entirely  absent. 

Ea^t  of  Loch  an  Nid  a  normal  sequence  of  undisturbed 
Cambrian  locks  is  ti-aceable  from  the  pipe-rock  to  the  basal 
dolomite,  above  which  the  rest  of  the  Cambrian  series  has  beeu 
displaced,  as  on  the  west  side  of  the  valley,  by  the  Kinlochewe 
thrust.  The  Lewiaian  rocks  which  now  supetTene  are  overlain 
by  the  Torridon  Sandstone  (B),  with  the  basal  qnartzite  (Ca)  rest- 
ing uuconformably  on  both. 

Not  far  to  the  north  of  this  line  of  section  the  conglomeraii> 
at  the  base  of  the  Torridon  Sandstone  lies  in  visible  contact  with 
the  displaced  gneiss.  It  is  here  a  coarse  deposit,  its  pebbles 
ranging  from  seven  inches  to  a  foot  across,  and  consisting  of 
felsite,  jasper,  quartz,  aud  altered  jiurple  qnartzite,  with  fi'ag- 
ments  of  acid  and  basic  gneiss.  It  is  worthy  of  note  that  these 
]>el)hle,s  are  not  defoimt-d  nor  is  the  matrix  -ilii-ln^^p,  Li-^  i^  the 
case  with  the  same  conglomerate  above  the  Hen  More  thrust- 
plane  in  the  Oykell  valley,  Assynt.  The  overlying  purple  and 
grey  grits  and  shales  have  likewise  escaped  extreme  deforma- 
tion; they  are  not  schistose,  but  merely  crushed  and  traversed 
by  a  network  of  quartz-veins.  Above  these  displaced  materials, 
thrust  fucoid-beds  and  serpulite-grit,  together  with  a  thin  wedge 
of  Lewisian  gneiss,  are  abruptly  truncated  hy  the  line  of  dis- 
ruption that  has  drivMi  westward  the  grauulitic  schists  of  the 
Moine  series  (M). 

From  the  ground  traversed  by  the  line  of  section  in  Fig.  47 
southwards  to  the  Heights  of  Kinlochewe  and  Beinn  a'  Mhuinidh 
the  width  of  the  area  of  displaced  gneiss  lying  between  the 
Kinlochewe  and  Moine  thrust-planes  gradually  increases  to  three 
miles  (Sheet  92),  and  presents  many  of  the  normal  characters  of 
the  Fundamental  Complex  and  of  the  later  basic  dykes  to  the 
west.  Here  as  elsewhere  the  deformation  of  the  Lewisian  rocks 
between  these  great  lines  of  disruption  is  more  or  less  confined  to 
certain  zones  near  the  thrust-planes.  On  the  surface  of  this 
extensive  plateau  of  displaced  Lewisian  rocks  small  isolated 
patches  of  Torridon  Sandstone  occur,  as  shown  on  the  map. 
Thus,  about  half  a  mile  east  of  Lochan  Fada  beyond  the  head  of 
Gleann  na  Muice,  the  basal  breccia  is  seen  to  rest  unconformably 
on  the  old  fioor,  followed  by  shales,  hut  the  strata  are  here  highly 
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contorted  and  inverted.  Further  to  the  north-east  on  the 
western  slopes  of  Beinn  Bheag  and  close  to  the  outcrop  of  the 
Moine  thrust-plane,  the  double  unconformabilitv  of  the 
Cambrian  quartzite  on  the  Torridon  Sandstone  and  Lewisian 
gneiss  is  visible. 

The  outcrop  of  the  Kinlochewe  thrust-plane,  which  bounds 
the  displaced  Lewisian  rocks  on  the  west,  is  here  well  defined.  To 
the  north-east  of  Lochan  Fada  it  has  been  shifted  for  about  a 
mile  to  the  south-west  by  the  Fasagh  fault.  It  then  passes 
southwards  along  the  conspicuous  escarpment  west  of  Beinn  a' 
Mhuinidh  to  the  Kinlochewe  River.  At  the  Heights  of  Kin- 
lochewe evidence  has  been  observed  of  an  intermediate  displace- 
ment in  advance  of  the  Moine  thrust,  accompanied  by  marked 
deformation.  A  triangular  mass  of  highly-sheared  gneiss  here 
displays  a  narrow  infold  of  Torridon  Sandstone  and  shales 
^Diabaig  group),  traceable  along  the  east  side  of  Gleann  na  Muice 
lor  three-quarters  of  a  mile.  These  sediments  have  been  ren- 
dered schistose,  an  alteration  specially  apparent  in  the  grits. 
The  deformed  gneiss  and  Torridon  Sandstone  have  been  driven 
westwards  along  a  plane  that  runs  up  Gleann  na  Muice  and 
truncates  the  underlying  Lewisian  gneiss  with  its  basic  dykes. 

Over  a  great  part  of  the  area  between  Loch  an  Nid  and  the 
Heights  of  Kinlochewe  the  exact  position  of  the  Moine  thrust  can 
with  difficulty  be  fixed,  owing  partly  to  the  absence  of  sections 
in  the  direction  of  the  dip  of  the  strata,  and  partly  to  the 
mylonised  rocks  which  so  often  accompany  this  great  line  of  dis- 
placement. These  mylonised  materials  have  resulted  from  the 
shearing  of  gneiss  and  green  epidotic  grits.  They  are  well 
developed  near  Loch  a'  Mheallain  Odhair,  two  and  a  half  miles 
north  of  the  Heights  of  Kinlochewe,  and  also  on  the  western 
slope  of  Sron  Dubh.  But  on  the  south-west  declivity  of  Beinn 
Bheag,  and  particularly  in  the  valley  of  Abhuinn  Bruachaig 
below  the  Heights  of  Kinlochewe,  the  Moine  thrust  is  clearly 
traceable.  Indeed,  in  the  latter  area,  where  the  ground  is  bare 
of  drift,  the  Eastern  schists  above  that  plane  of  disruption 
pass  transgressively  across  the  displaced  Lewisian  gneiss  and  the 
Torridon  Sandstone  -v^ith  a  small  patch  of  the  basal  quartzitee. 
At  the  Heights  of  Kinlochewe  the  thrust-plane  is  shifted  west- 
wards for  about  half  a  mile  by  an  E.N.E.  and  W.S.W.  fault. 

Beyond  the  Heights  of  Kinlochewe  the  structure  of  the 
country  becomes  remarkably  complicated.  A  conspicuous 
example  of  this  complexity  may  be  seen  on  the  rocky  ridge  on 
the  north  side  of  the  Kinlochewe  River  (Fig.  48),  where,  owing 
to  the  inversion  of  the  displaced  materials,  the  folding  of  the 
Kinlochewe  (Ben  More)  thrust-plane,  and  the  subsequent 
denudation  of  the  rocks  overlying  that  plane,  the  structure  has 
been  found  most  difficult  to  unravel.  The  western  part  of  this 
section  supplies  another  illustration  of  the  uneven  land-surface 
on  which  the  Torridon  Sandstone  reposes,  the  ridge  of  Meall 
Riabhach  being  flanked  by  pre-Torridonian  valleys  on  either  side. 
In  Gleann   Bianasdail  the   position   of  the  Fasagh   fault  (f)  is 
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shown,  whereby  the  Torridon  Sandstone  on  the  east  side  of  the 
valley  is  let  down  against  the  hornblende- schists  of  Lewisian 
age  to  the  west.  Along  the  eastern  slope  of  this  valley  runs  the 
unconformable  junction  between  the  Cambrian  quartzites  (Ca, 
Cb)  and  underiying  red  sandstones  (Bb).  A  normal  sequence 
can  here  be  followed  from  the  basal  quartzites  to  the  representa- 
tives of  the  Olenelhcs  zone  (the  Middle  Series),  and  in  places  to 
the  basal  dolomite  (Ce). 

On  Craig  Hoy  the  succession  is  interrupted  by  the  Kinlochewe 
(Ben  More  and  Klshorn)  thrust- plane  (T),  above  which  appear 
the  Lewisian  rocks  (A)  with  an  infold  of  the  basal  quartzite 
(Ca),  the  unconformable  junction  between  the  two  rocKs  being 
well  exposed.  Eastwaitls  across  the  slope  the  Lewisian  plateau 
is  traversed  by  lines  of  movement  producing  no  marked  deforma- 
tion. About  half  a  mile  to  the  south  of  the  top  of  Beinn  a' 
Mhuinidh  the  Lewisian  rocks  are  covered  unconformably  by  the 
Torridon  Sandstone  (Ba),  with  infolds  of  the  basal  quartzite, 
arranged  in  isoclinal  folds.  The  axial  planes  of  these  folds  are 
inclined  generally  to  the  E.S.E.,  and  are  truncated  in  places  by 
minor  thrusts  hading  in  the  same  direction.  These  red  sand- 
stones stretch  eastwards  from  Meallan  Gobhar  to  the  hills  beyond 
Allt  Chnaimhean  (the  bum  of  the  bones),  and  cover  more  than  a 
square  mile  of  ground.  Along  their  northern  margin  their  un- 
conformable boundary-line  with  the  gneiss  has  been  traced 
(Sheet  92),  and  they  are  there  found  to  be  usually  inverted  and 
to  pass  underneath  the  older  formation.  The  basal  breccia  at 
the  line  of  junction  contains  fragments  of  the  underlying  gneiss. 

The  gorge  in  the  lower  part  of  Allt  Chnaimhean  has  been 
cut  by  the  stream  through  the  overlying  cake  of  thrust  Lewisian 
rocks,  Torridon  Sandstone,  and  basal  quartzite,  so  as  to  reveal 
the  piled-up  fucoid-beds,  serpulite-grit,  and  basal  dolomite 
beneath  the  Kinlochewe  thrust-plane  (T).  The  exposure  of 
these  successive  layers  of  displaced  materials  is  due  not  only  to 
denudation,  but  partly  also  to  the  folding  of  the  rocks  above  and 
below  this  line  of  displacement,  as  represented  in  Fig.  48.  A 
still  more  striking  example  of  this  complicated  structure  occurs 
about  half  a  mile  to  the  east  of  Allt  Chnaimhean,  where  the 
thrust- plane,  together  with  the  rocks  which  it  separates,  has 
been  sharply  folded,  and  where  the  thin  veneer  of  gneiss  and 
red  sandstone  overlying  the  thrust-plane  has  been  removed  from 
the  crest  of  the  arch.  The  dome-shaped  arrangement  of  the 
Cambrian  strata  beneath  that  plane  is  well  seen  on  the  hill-top 
and  southern  slope  facing  the  road  that  leads  to  Kinlochewe. 
The  third  sub-division  of  the  pipe-rock  is  the  lowest  Cambrian 
zone  here  represented.  It  is  followed  by  the  higher  sub-zones, 
the  fucoid-beds,  and  serpulite-grit,  which  are  repeated  by 
reversed  faults.  Further  east,  owing  to  a  minor  fold,  a  lobe  of 
the  displaced  materials  which  lies  above  the  Kinlochewe  thrust- 
plane  consists  of  gneiss  with  an  infold  of  the  red  sandstone. 
Although  represented  as  an  outlier  in  Fig.  48,  it  is  really  con- 
nected with  the  main  mass.  On  the  slope  towards  Abhuinn 
l2 
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Bruachaig  the  bare  plane  of  (lie  Kinlocliewe  thrust  is  exposed, 
and  for  part  of  the  distaupe  the  Lpwisiau  gneiss  rests  mainly  on 
the  Camorian  limestone.  Here,  too,  the  inverted  junction  of  the 
Tonidon  Sandstone  (Ba)  with  the  gneiss  (A)  above  the  line  of 
displacement  is  visible,  while  to  the  south  of  the  outcrop  of  the 
thrust-plane  the  repetition  of  the  fucoid-heda,  sei'pulite-grit,  and 
basal  dolomite  is  clearly  observable. 

In  the  channel  of  Abhuinn  Bruachaig  (or  "Glen  Logan"), 
about  two  miles  up  the  valley  from  Kinlnchewe.  the  same 
important  line  of  disruption  is  laid  bare,  where  pink  epidotic 
granitoid  gneiss  ("  Logan  Bock  "  of  Heddle)  is  superimposed  on 
the  dolomite  of  the  Ghnidaidh  group,  the  upper  serpulite-band 
being  visible  within  a  few  yards  of  toe  plane.  Close  by  are  the 
fucoid-beds,  which  have  yielded*  fragments  of  Olcnelhis.  Further 
down  the  stream  the  gneiss,  exposed  in  several  places,  is 
associated  with  a  mass  of  crushed  Torridon  Siindstt)ne  (Ba)  in 
the  triangular  space  between  the  Abhuinn  Bruachaig  and  Glen 
Doeherty.  At  one  locality,  as  shown  in  Fig.  48,  the  crushed 
sandstone  is  succeeded  by  tbe  basal  quartzite  (Ca)  beneath  the 
Moine  thrust-plane  (T'). 

Reference  has  already  been  made  to  the  correct  identification 
by  Professor  Bonney  of  the  Lewisian  gneiss  and  Torridon  Sand- 
stone in  Abhuinn  Bruachaig  (Glen  Logan),  and  to  (be  recogni- 
tion of  the  reversed  fault  whereby  the  gneis.s  baa  been  brought  to 
the  surface. 

The  horizontal  section  in  Fig.  48  shows  that  the  materials 
above  and  below  the  Kinlochewe  thrust-plane,  together  with  that 
plane  itself,  bnve  been  thrown  into  a  compound  anticline  and 
syncline,  and  that  the  folding  was  developed  subsequent  to  the 
thrusting. 

Before  describing  the  effects  of  the  great  fault  that  runs  along 
Loch  Maree  and  up  the  valley  of  Glen  Doeherty,  whereby  the 
undisturbed  strata,  the  successive  thrust-planes,  and  the  dis- 
placed masses  have  been  shifted  westwards  on  the  south  side  of 
the  dislocation,  it  will  be  desirable  to  indicate  the  relations  of 
the  strata  on  the  south  aide  of  the  Kinlochewe  River  and  the 
head  of  Loch  Maree. 

Along  the  south-west  side  of  Loch  Mai^ee,  in  the  undisturbed 
Torridon  Sandstone  in  Glen  Grudie  (Sheet  92),  we  find  (he  pro- 
longation of  the  Fasagh  fault,  which  has  been  shifted  about 
three  miles  to  the  west  of  its  position  in  the  Fasagh  Glen  at  the 
head  of  the  loch.  On  the  eastern  slope  of  Glen  Grudie  (as 
shown  in  Fig,  49)  undisturbed  Cambrian  strata,  ranging  from 
the  basal  quartzites  to  the  serpulite-grit  (Ca  to  Cd),  and  in  places 
to  the  basal  limestone,  dip  in  an  easterly  direction  at  angles 
varying  from  10°  to  20°.  These  undisturbed  strata  are 
abruptly  truncated  by  the  Kinlochewe  thrust,  and  are  overlain 
by  a  large  mass  of  Torridon  Sandstone  (Ba,  Bh)  with  inliers  of 
Lewisian  gneiss  (A),  which  together  cover  an  area  of  a  square 
mile  and  a  half  round  Meall  a'  Ghiubhais.  This  prominent  hill 
(2882  feet),  about  two  miles  to  the  west  of  the  head  of  Loch 
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Maree,  forms  a  conspicuous  outlier  of  ilisplaoed  materials.  The 
tlirust-piane  on  which  these  materials  lie  cau  be  traced  round 
the  mountain,  where  it  appears  as  a  circular  fault  or  line  of  dis- 
cordance between  the  rock  masses.  AVliile  the  Torridon  Sand- 
stone rests  on  undisturbed  Cambrian  strata  on  the  north  and 
north-west,  a  slice  of  basal  quartzite  and  pipe-rock,  which  has 
been  driven  westwards  by  an  intermediate  minor  thrust,  comes 
beneath  the  thrust-plane  on  the  south  aud  east,  and  is  recog- 
nisable from  a  distance  owing  to  the  white  fringe  which  the 
strata  form  beneath  the  darker  overlying  sandstone.  In  this 
outlier  the  Diabaig  and  Applecross  groups  of  the  Tonidon  Sand- 
stone are  both  represented,  the  strata  being  arranged  generally 
in  the  form  of  a  syncline  with  a  compound  anticline  towards  the 
west.  They  rest  on  the  gneiss,  which,  as  shown  in  Fig.  49, 
appears  in  places  between  them  and  the  thrust-plane.  On  the 
west  side  of  the  mountain,  near  the  base  of  the  red  sandstones, 
a  portion  of  the  basal  quartzite  (Ca)  has  been  infolded  with  the 
Diabaig  beds.  The  strata  are  here  not  much  deformed,  save 
near  the  thrust- plane  and  the  other  minor  displacements. 
Where  the  arko^e  has  become  slightly  schistose,  the  dark  and 
grey  shales  have  been  cleaved,  and  along  the  actual  lines  of 
movement  the  strata  have  been  transformed  into  flinty  erush- 
rocke,  A  small  patch  of  displaced  Torridon  Sandj^tone  which 
lies  to  the  east  of  the  main  outlier  on  Meall  a'  Ghiubhais  rests 
partly  on  basal  quartzite  and  partly  on  serpiilite-grit. 

Eastwards  for  a  distance  of  two  miles  the  Cambrian  zones  up 
to  the  serpu  lite -grit  are  repeated  by  inverted  folds  and  reversed 
faults,  their  peiieral  inclination  beinj;  towanU  IC.S.Tv  and  E. 
The  underlying  Torridon  Sandstone  has  shared  in  theee  plica- 
tions, for,  on  the  wooded  slopes  facing  Loch  Maree  and  in  the  cliff 
above,  the  members  of  that  system,  not  much  deformed,  can  be 
seen  to  rise  from  underneath  the  quartzite  in  great  flexures,  and 
along  the  line  of  section  (Fig.  49)  in  sharp  isoclinal  folds. 

About  three-quarters  of  a  mile  west  of  Cromasag  (Sheet  82) 
the  main  outcrop  of  the  Ben  More  thrust-plane  appears,  where 
the  Torridon  Sandstone  is  superimposed  on  the  lowest  sub-zone 
of  the  pipe-rock.  In  that  stream  the  beds  of  arkose  (Applecross 
group,  Bd)  dip  to  the  south-east  at  angles  ranging  from  35°-45°, 
with  little  trace  of  achistosity,  but  traversed  by  numerous  veins 
of  quartz.  Flaser-stnicture,  which  begins  to  appear  in  the  grits 
on  the  west  side  of  the  valley,  not  far  from  the  Kinlochewe 
Hotel,  is  finely  developed  among  these  rocks  in  the  bed  of  the 
Einlochewe  Biver  south  of  Cromasag,  close  to  the  Moine  thrust- 
plane.  This  line  of  disruption  is  here  concealed  by  alluvium, 
but  the  green  schists  which  overlie  it  are  exposed  in  the  river  not 
far  to  the  north  and  south  of  Cromasag. 

A  comparison  of  the  structures  on  either  aide  of  the  valley 
below  Glen  Docherty,  as  revealed  in  the  foregoing  sections  (Figs. 
48  and  49),  will  show  the  great  horizontal  displacement  produced 
by  the  fault  which  runs  along  the  length  of  Loch  Maree.  It 
will  he  seen  that  (1)  the  Fasagh   dislocation   has   been  shifted 


Strath  na  Sheallag  by  Loch  Maree  to  Atichnashellach,      549 

three  miles  to  the  west  to  Glen  Grudie ;  that  (2)  the  outcrop  of 
the  undisturbed  quartzite  on  Beinn  a'  Mhuinidh  has  been  carried 
westwards  to  a  point  beyond  Rhu  Noa  Pier  on  Loch  Maree ;  and 
that  (3)  the  outcrop  of  the  Moine  thrust-plane  has  been  also 
borne  westward  from  the  hill-slope  east  of  Bruachaig  to  the 
valley  at  the  Kinlochewe  Hotel.  In  like  manner  the  axes  of 
the  compound  syncline  and  anticline  between  Beinn  a' 
Mhuinidh  and  Abhuinn  Bruachaig  have  been  moved  further 
west  on  the  south  side  of  the  displacement  to  Meall  Ghiubhais 
and  the  ridge  south-west  of  Tagan.  Accompanying  this  hori- 
zontal displacement  there  has  been  a  vertical  downthrow  of  about 
1000  feet  on  the  north  side  of  the  Loch  Maree  fault. 

Southwards,  in  the  direction  of  Beinn  Eighe  and  the  Coulin 
deer  forest,  further  evidence  has  been  obtained  of  the  enormous 
compression  of  the  Torridonian  and  Cambrian  strata  by  reversed 
folds  and  faults  in  advance  of  the  Kinlochewe  thrust,  and  of  the 
deformation  of  the  Torridon  Sandstone  beneath  or  close  to  the 
Moine  displacement.  The  Kinlochewe  or  Ben  More  thrust- 
plane  can  be  followed  southwards  from  the  Cromasag  Bum  to 
Loch  Clair,  where  the  Torridon  Sandstone  overrides  successive 
zones  of  the  quartzites  and  fucoid-beds.  Thence  the  outcrop  of 
the  thrust-plane  passes  southwards  through  the  Coulin  Forest, 
skirting  the  western  base  of  Cnoc  Daimh,  and  by  the  east  declivity 
of  Carn  Odhar  to  Achnashellach.  Over  the  ^eater  part  of  this 
ground  it  is  difiBcult  to  locate  the  exact  position  of  the  Moine 
displacement,  owing  to  the  development  of  mylonised  rocks  and 
to  the  metamorphism  of  the  basal  parts  of  tne  Torridon  Sand- 
stone overlying  the  Kinlochewe  thrust-plane,  where  they  assume 
a  structure  resembling  that  of  Moine-schist. 

The  structure  of  the  mountainous  ground  rising  to  the  west  of 
Kinlochewe  is  represented  in  the  section  drawn  in  Fig.  50.  At 
the  west  end  of  this  section  the  Fasagh  fault,  with  a  downthrow 
to  the  east,  is  shown  in  the  Torridon  Sandstone.  The  line  of 
section  then  runs  eastwards  along  the  crests  of  the  long  ridge  of 
Beinn  Eighe.  The  summit  of  Sail  Mhor,  the  most  westerly 
peak  of  the  mountain,  is  capped  with  a  small  outlier 
of  basal  quartzite  (Ca).  Further  east  the  successive 
members  of  the  arenaceous  series,  resting  unconformably  on  the 
Torridon  Sandstone,  are  followed  in  order  by  the  fucoid-beds 
(Cc)  and  part  of  the  serpulite-grit  (Cd).  For  a  considerable 
distance  tne  various  zones  of  the  pipe-rock  (Cb)  are  repeated  by 
isoclinal  folds,  sometimes  accompanied  by  minor  thrusts. 
About  a  mile  and  a  half  east  of  Sail  Mhor  the  Torridon  Sand- 
stone (Bb)  is  superimposed  on  the  basal  zone  of  the  pipe-rock  by 
means  of  a  minor  thrust.  The  red  sandstones  form  here  a 
continuous  belt  across  the  mountain,  and  further  east  they  are 
again  covered  unconformably  by  the  quartzite  (Ca),  followed  by 
the  pipe-rock  (Cb)  up  to  the  fourth  sub-zone,  which  is  in  turn 
truncated  by  another  reversed  fault  that  brings  forward  the  basal 
quartzite.  On  Sgurr  Ban  a  conspicuous  anticline  and  syncline 
of  the  Torridon  Sandstone  and  Cambrian  quartzite  are  visible  on 
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the  north  and  south  slopes,  where  the  isoclinal  nature  of  the 
folding  is  clearly  displayed. 

Beyond  Sgurr  Ban,  along  the  ridge  towards  Meallan  na  Circe- 
fraoich  for  a  distance  of  two  miles,  the  various  zones  of  the 
arenaceous  series  are  constantly  reduplicated  by  inverted  folds 
and  reversed  faults.  An  examination  of  the  southern  slope  in 
an  easterly  direction  about  the  1250-feet  contour-line  shows  that 
the  underlying  Torridon  Sandstone  has  participated  in  these 
flexures  and  displacements.  Notwithstanding  this  extreme 
plication,  however,  the  rocks  have  not  been  much  deformed. 
Here  and  there  the  Torridon  Sandstone  has  been  crushed  and  is 
traversed  by  quartz-veins.  On  the  further  side  of  the  Kinloch- 
ewe  thrust- plane  (T),  which  is  well  seen  in  small  burns  about  a 
mile  north  from  Loch  Clair,  close  by  the  junction  of  the  roads 
leading  to  Torridon  and  Coulin  Lodge,  the  metamorphism  of  the 
Torridon  Sandstone  is  well  developed.  Above  this  line  of  dis- 
ruption the  beds  of  arkose  of  the  Applecross  group  (Bb),  dipping 
to  the  E.S.E.,  are  exposed  in  the  stream  (A'  Ghairbhe)  that 
issues  from  Loch  Clair.  West  of  the  river  the  bedding  planes  in 
these  strata  are  preserved,  but  in  the  stream-section  at  Doire  na 
Gairbhe  and  below  that  point  they  have  been  effaced,  the  beds  be- 
coming schistose  along  planes  parallel  with  those  of  thrust.  The 
larger  grains  of  quartz  and  felspar  in  these  rocks  have  been 
elongated  and  apnear  as  eyes  in  a  mylonitic  matrix,  in  which 
minute  flakes  of  sericitic  mica  have  been  developed,  showing  that 
in  addition  to  the  differential  movement  of  tne  constituents  a 
certain  amount  of  reconstruction  has  been  induced. 

On  the  east  side  of  the  A'  Ghairbhe  River  the  sheared  grits  are 
succeeded  in  inverted  order  by  black  and  grey  shales,  flags,  and 
epidotic  grits  of  the  basal  division  of  the  Torridon  Sandstone 
(Diabaig  group,  Ba),  until  these  strata  plunge  under  a  crag  of 
Lewisian  gneiss  (Creag  Ghairbhe)  traceable  southwards  to  Loch 
Coulin.  The  Torridonian  sediments  are  here  all  more  or  less 
schistose,  and  in  places  show  a  marked  platy  structure  similar 
to  that  of  the  mylonised  rocks  associated  with  the  Moine- schists. 
Sericitic  mica  has  been  developed  on  their  divisional  planes,  and 
frequently  lines  of  striping  appear  on  the  surfaces  of  the  horn- 
stone  like  bands,  trending  in  the  direction  of  the  post-Cambrian 
movements.  Generally  the  deformation  and  reconstruction 
increase  towards  the  junction  with  the  overturned  gneiss.  These 
metamorphic  structures  are  well  displayed  along  the  face  of  the 
crag  that  runs  southwards  from  Doire  na  Gairbhe  to  the  south- 
east corner  of  Loch  Clair.  The  inverted  base  of  the  Torridon 
Sandstone  appears  along  this  crag,  though  in  the  line  of  section 
it  is  cut  out  by  a  thrust,  but  of  no  great  moment. 

The  wedge  of  overlying  gneiss  has  likewise  been  deformed, 
though  the  original  structures  of  the  rock  are  still  traceable. 
Beyond  this  appearance  of  the  ancient  Lewisian  floor  mylonitea 
(M')  supervene,  showing  the  double  system  of  folding  charac- 
teristic of  the  Moine-schists,  and  soon  followed  by  the  siliceous 
flagstones  of  the  Eastern  series  (M).       Not  improbably  the 
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epidotic  grits  and  dark  flags  of  the  Torridonian  series  may  be 
represented  in  this  mylonised  zone  between  the  Lewisian  gneiss 
and  siliceous  flagstones. 

The  section  given  in  Fig.  51  is  drawn  through  the  high  ridge 
of  Liathach  (3456  feet)  eastwards  across  the  head  of  Glen 
Torridon  and  Sgurr  Dubh.to  the  Coulin  River.  Its  eastern 
portion  is  of  special  importance  on  account  of  the  supplementary 
evidence  which  the  ground  traversed  by  it  affords  of  the  de- 
formation of  the  Torridon  Sandstone  above  the  Kinlochewe  (Ben 
More  and  Kishorn)  thrust-plane,  and  of  the  presence  of  certain 
sediments  of  intermediate  type  between  the  deformed  members 
of  the  Torridonian  Diabaig  group  and  the  granulitic  schists  of  the 
Moine  series. 

At  the  west  end  of  this  section  a  hill  of  Lewisian  gneiss  is  seen  to 
protrude  through  the  red  sandstones  to  a  height  of  800  feet.  On 
the  west  slope  of  Mullach  an  Rathain  the  position  of  the 
Fasagh  fault  is  represented.  The  enormous  pile  of  red  sand- 
stones on  Liathach  is  capped  with  outliers  of  Cambrian 
quartzite,  including  the  false-bedded  grits  (Ca)  and  part  of  the 
pipe-rock  (Cb).  On  this  mountain  the  Torridon  Sandstone  and 
overlying  Cambrian  rocks  have  been  thrown  into  a  flat  arch,  on 
the  west  side  of  which  the  red  sandstones  present  the  westerly  dip 
characteristic  of  them  in  Applecross  to  the  south,  and  likewise 
in  the  northern  district  of  Stoer  in  Assynt  and  the  Parph  west 
of  Durness. 

High  up  on  the  eastern  slope  of  the  most  easterly  peak  of 
Liathach  a  normal  fault  (f)  lets  down  the  sandstones  on  that  side, 
beyond  which  for  two  miles  the  ground  is  occupied  by  beds  of 
arkose  (Applecross  group)  interrupted  by  two  minor  thrusts. 

On  Sgurr  Dubh  (2566  feet) — a  prominent  feature  in  the  land- 
scape as  seen  from  Kinlochewe — the  Torridon  Sandstone  and 
basal  quartzite  display  incipient  fan-structure,  the  beds  being 
inverted  and  repeated  by  minor  thrusts  on  the  western  declivity. 
On  the  crest  of  the  mountain  infolds  of  the  lowest  sub-zone  of  the 
pipe-rock  (Cb)  have  survived.  The  eastern  slope  displays  several 
compound  flexures  of  the  red  sandstones  and  overlying  quartzite. 
South-eastwards  bevond  the  slope  drained  by  the  two  tributaries 
of  Allt  na  Luib,  where  the  usual  repetition  may  be  seen  of  both 
divisions  of  the  arenaceous  series  (Ca,  Cb),  the  western  flank  of 
the  hill  that  overlooks  Loch  Coulin  presents  the  outcrop  of  the 
Kinlochewe  thrust-plane,  with  the  basal  members  of  the 
Torridon  Sandstone  (Ba)  above  it  and  the  fucoid-beds  (Cc) 
below. 

It  may  be  mentioned  that  on  the  south  slope  of  Cnoc  Daimh, 
where  the  driving  together  of  the  fucoid-beds,  serpulite-grit,  and 
basal  limestone  is  admirably  displayed  beneath  me  Kinlochewe 
thrust-plane,  the  general  structure  differs  to  some  extent  from 
what  appears  in  Assynt  and  thence  northwards  to  Eireboll. 
The  piled-up  strata  have  not  here  been  driven  westwards  along 
an  underlying  plane  of  movement  or  "  sole,"  for  the  minor  folds 
and  thrusts  are  traceable  downwards  into  the  underlying  pipe- 
rock. 
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The  Htrata  which  have  here  beeu  carried  forward  on  the 
Kinlochewe  thrust-plane  belong  to  the  Diabaig  group  (Ba)  of  the 
Torridon  Sandstone,  and  comprise  epidotic  grits,  black  and  grey 
shalea  and  flags,  and  thin  bedded  sandatones  with  cores  of 
Lewiaian  gneixfl,  arranged  id  isoclinal  folda  that  dip  to  the 
E.S.E.  at  angles  varying  from  15°  to  3G°.  Several  of  these 
gneiss  lenticles  which  occiir  on  the  hill  one  mile  N.N.W.  of 
Cnoc  Daimh  cannot  be  traced  far,  but  the  most  easterly  one 
forms  a  coutiniiouti  baud  extending  southwards  from  Loch 
Coulin  and  across  (Jnoc  Daimh  to  Easan  Dorcha. 

An  examination  of  the  hill  west  of  the  keeper's  house  at 
Coulin  and  in  Allf  Cnoc  Daiiiih  has  shown  an  increase  in  the 
grade  of  metamorphism  as  the  rocks  are  followed  eastwards  fi-oni 
the  Kinlochewe  thrust-plane.  On  the  hill-top  the  most  westerly 
arch  of  Lewisian  gneiss  (A,  Fig.  51),  150  yards  east  of  the  thrust- 
plane,  forms  a  lenticle  about  200  yards  long.  Hanked  by  the  epidotic 
grits  and  hlack  shales  (Ba),  which  dip  east  at  angles  from  13°  to 
36°.  Beyond  an  inlei-val  of  300  yards,  in  which  an  inverted 
syncline  of  the  PJabaig  group  appears,  the  second  inverted  anti- 
cline about  100  yards  long  of  Lewisian  rocks  consists  of  green 
epidiitic  gneiss  with  eyes  of  horn  blende- rock.  Here  the 
lorridonian  strata  have  not  been  much  deformed,  though  they 
become  mdely  schistose  in  places.  But  300  yards  further  ea."! 
ai;  the  third  areh  of  gneiss  the  metamorphism  is  much  more  pro- 
nounced. On  the  west  limb  the  basal  epidotic  grits  are  con- 
cealed by  a  smalt  thrust,  but  they  rise  from  underneath  the 
gneiss  lenticle  on  the  north  and  rest  unconformably  on  it  on  the 
east.  A  small  burn  that  crosses  the  eastern  limb  of  this  fold  has 
exposed  the  epidotic  grits  in  an  intensely-sheared  condition,  with 
abundant  seiicitic  mica  and  secondarj'  magnetite.  These 
altered  rocks  are  regarded  by  Dr.  Teall  as  similar  to  the  Torri- 
donian  rock  at  Femaig,  which  under  the  micrascope  presents  etnic- 
turea  like  those  of  Mo iiie- schists.  Five  hundred  yards  further 
east  a  fourth  fold  of  Lewisian  gneiss,  the  most  easterly  of  the 
series,  appears,  underlain  by  similar  sheared  epidotic  grits. 
Although  only  this  fold  is  exposed  a  little  to  the  south  in  the 
Cnoc  Uaimh  Burn,  the  evidence  furnished  by  this  stream  is  of 
extreme  interest.  Below  the  800-feet  level  an  almost  con- 
tiniious  section  has  been  laid  bare  of  the  grey  and  black  slaty 
shales,  flags,  and  epidotic  grits,  dipping  eastwards  in  inverted 
order  at  angles  varying  from  10"  to  12°.  The  grits  are  sheared 
and  their  quartz  grains  more  or  less  granulitised.  Not  far  below 
the  600-feet  level  the  Lewisian  gneiss  overlies  the  inverted 
basal  conglomerate  of  the  Diabaig  group,  the  gritty  matrix  of 
which  is  intensely  sheared  and  contains  epidote,  chlorite,  and 
magnetite,  like  the  rock  at  Fernaig  above  referred  to. 

The  acid  gneiss  with  basic  lenticles  which  overlies  this  basal 
conglomerate  ha.s  been  so  intensely  crushed  that  it  has  been 
described  by  Dr.  Teoll  as  having  the  appearance  of  a  clastic  rock 
with  much  secondary  raylonitic  material.  It  is  visible  in  the 
stream  at  the  bend  below  the  500-feet  contour-line.     Below  it 
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for  a  distance  of  250  yards  the  stream  exposes  a  continuous 
section  of  strata  of  sedimentary  origin,  resting  on  the  deformed 
Lewisian  gneiss,  and  presenting  slightly  different  characters 
from  the  Diabaig  beds  in  the  inverted  limb  of  the  arch.  At  its 
upper  margin  the  epidotic  gneiss  is  practically  a  mylonite.  It 
is  immediately  succeeded  by  fine-grained,  dark  platy  schist, 
which  Dr.  Teall  finds  to  be  composed  of  quartz,  felspar,  sericitic 
mica,  small  scales  of  brown  mica,  and  minute  grains  of  epidote. 
He  further  notes  "  that  under  a  low  power  this  rock  resembles  a 
sandy  shale,  but  under  a  high  power  the  structure  is  more  allied 
to  that  of  a  crystalline  schist.  It  is  difficult  to  avoid  the  con- 
clusion that  this  is  one  of  the  sandv  shales  of  the  Torridon 
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system."  It  may  be  remarked  that  this  platy  rock  has  the 
alternating  dark  and  grey  films  so  characteristic  of  the  shaly 
bands  of  the  Diabaig  group,  but  the  basal  conglomerate,  so  well 
developed  on  the  inverted  limb  of  the  arch,  is  here  unrepre- 
sented. 

About  the  400-f eet  level  these  dark  platy  schists  contain  a  few 
garnets,  and,  further  down  stream,  they  are  succeeded  by 
fine-grained  grey  siliceous  schist  with  scattered  **eyes"  of 
felspar.  Dr.  Teall  remarks  of  this  rock  that  it  **  appears  to  be 
a  sheared  epidotic  grit,  and,  like  the  previous  finer-grained  rocks, 
is  intermediate  in  structure  between  a  normal  sediment  and  a 
true  crystalline  schist.'*  The  precise  geological  horizon  of  these 
intermediate  strata  (M')  is  uncertain.  If  they  represent  the 
basal  beds  of  the  Diabaig  group,  it  is  obvious  that  they  mark  a 
higher  grade  of  metamorphism  than  the  same  bands  on  the 
inverted  limb  of  the  arch.  Beyond  the  alluvium  of  the  River 
Coulin  the  normal  granulitic  schists  of  the  Moine  series  make 
their  appearance,  the  outcrop  of  the  Moine  displacement  being 
not  improbably  concealed  under  the  alluvium. 

At  no  part  of  the  long  belt  of  complicated  structure  is  the 
evidence  of  great  displacement  more  clearly  visible,  even  from 
a  distance,  than  in  the  range  of  wild  mountainous  ground  lying 
between  Glen  Torridon  and  Strath  Carron.  In  the  Beinn  Liath 
group  of  hills  the  dark  Torridon  sandstones  and  the  white 
Cambrian  quartzites  present  such  a  contrast  of  colour  as  to 
reveal  on  the  steep  declivities  the  positions  into  which  the  two 
groups  of  rock  have  been  thrown  by  plications  and  ruptures. 
The  structure  of  this  ground  is  illustrated  by  the  section  m  Fig. 
52  and  in  Plate  XXXIX.  At  the  west  end  of  the  great  ridge  of 
Beinn  Liath  Mhor  the  basal  quartzite  (Ca)  and  pipe-rock  (Cb) 
have  been  thrown  into  a  series  of  compound  flexures,  all  inverted 
and  truncated  on  the  east  side  by  a  reversed  fault.  On  the 
slopes  of  the  westmost  and  highest  peak  of  the  mountain  (3034 
feet)  the  great  folds  of  Torridonian  and  Cambrian  strata  are 
clearly  displayed,  arranged  in  a  compound  anticline  and  syn- 
cline.  The  westerly  arch  of  Torridon  Sandstone  is  shown  on  the 
left  side  of  Plate  XXXIX.,  and  appears  on  the  mountain  top  in 
basal  quartzite  (Ca)  that  passes  below  pipe-rock  (Cb)  to  the  east 
and  west  (Fig.   52).     Beyond  the  second  infold  of  pipe-rock, 
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which  is  overridden  by  a  patch  of  basal  quartzite,  the  bare 
thrust-plane  may  be  seen  along  which  the  Torridon  Sandstone 
has  been  driven. 

Further  east  on  the  ridge  small  patches  of  basal  quart;dte 
again  appear,  truncated  in  succession  by  reversed  faults,  till  near 
the  eastmost  peak  a  great  fold  of  the  arenaceous  series  (Ca,  Cb) 
runs  down  the  southern  slope  for  1000  feet.  Northwards  this 
infold  of  quartzite  can  be  traced  across  Allt  Coire  Beinne  Leithe 
to  Beinn  Liath  Beag.  On  the  eastern  limb  of  the  syncline  on  the 
top  of  the  ridge  the  basal  quartzite  dips  to  the  west  at  angles 
varying  from  25°  to  72°,  but  on  the  southern  slope  the  beds  are 
inverted  and  the  junction  line  is  corrugated.  Here  also  the 
inverted  arch  of  Torridon  Sandstone  culminates  in  a  minor 
thrust,  which,  though  of  small  amount,  forms  a  conspicuous 
feature  on  the  northern  declivity,  and  is  traceable  to  the  N.N.E. 
for  two  miles.  The  Torridon  Sandstone  capped  by  the  basal 
quartzite  dips  gently  to  the  east  on  the  eastmost  peak.  The 
section  here  described  illustrates  two  important  features  in  the 
tectonics  of  the  region — (1)  that  a  normal  fold  may  pass 
gradually  into  an  inverted  fold,  the  dip  of  the  axial  plane  being 
to  the  E.S.E.,  the  direction  from  which  the  pressure  came ;  and 
(2)  that  an  overfold  may  pass  upwards  and  laterally  into  a 
reversed  fault  or  thrust. 

East  from  Beinn  Liath  Mhor  the  outcrop  of  the  Kinlochewe 
thrust-plane  runs  on  the  east  side  of  the  valley  of  Allt  nan 
Dearcaig,  where  a  slice  of  Lewisian  gneiss  (A)  and  the  inverted 
beds  of  the  Diabaig  group  (Ba)  have  been  driven  westwards  over 
the  piled-up  Cambrian  strata.  Beyond  the  gneiss  mylonised 
materials  (M')  and  the  Moine-schists  (M)  come  in,  together  with 
an  inlier  of  gneiss  of  Lewisian  type  exposed  in  Allt  Doire 
Bheithe. 


CHAPTER   XXXVIII. 

STUrCTEJUE  m-'  THE  GROUND  BKTWEIiN  AUCHNA.- 
SHELLACH  AND  LOCH  ALSH. 

1.    AREA    BETWEEN   AUCHNASHELLACII   ASD    KlSnORS.' 

The  area  of  disturbance  iu  the  Coulin  and  Auclinaahollacli 
Forests,  described  in  the  previous  chapter,  is  boiinded  on  the 
west  by  a  line  o£  thrust,  which,  crossing  the  crest  of  Beitiu 
Eighe,  about  one  mile  west  of  Sf^iirr  Ban,  runs  southward  over 
the  eastern  shoulder  of  Liathach  and  the  hills  south  of  Glen 
Torridon  to  Loch  nan  Eun.  It  is  thence  continued  southwards 
to  the  west  of  An  Gorm  Loch,  where  it  is  overlapped  by  another 
thrust,  which  brings  forward  beaped-up  pipe-rock. 

The  area  to  the  east  of  this  line  of  dislocation  ia  occupied  by 
successive  narrow  belts  of  Cambrian  and  Torridonian  struts, 
carried  westward  on  a  series  of  parallel  major  thrust-planes 
which  run  X.^.E.  and  S.S.W.  The  etfect  of  the  first  of  these, 
the  course  of  which  has  just  been  traced,  is  to  thrust  the  Torri- 
donian rocks  upon  themselves  along  the  greater  part  of  the  line 
of  disruption.  The  Cambrian  quartzites,  however,  appear 
beneath  the  thrust  on  the  southern  face  of  Beinn  Eighe,  and  on 
the  hill-top  immediately  south  of  Glen  Torridon  a  small  patch 
of  the  basal  quartzite,  resting  in  normal  sequence  on  the  Torri- 
donian, is  laid  bare  for  a  short  distance  below  the  thrust-plane. 
In  Strath  a'  Bhathaich,  at  a  point  half  a  mile  cast  of  Loch  na 
Suileig,  a  wedge  of  Cambrian  strata  makes  its  appearance 
beneath  the  thrust-plane,  and  the  Torridonian  grits  which  over- 
lie that  plane  pass  transgressively  from  the  unmoved  Torri- 
donian on  to  the  successive  zones  of  the  quartzite.  Near  An 
Gorm  Loch,  about  a  mile  and  a  half  south-west  of  An  Ruadh- 
atac,  the  thrust  passes  entirely  into  the  Cambrian  strata,  bring- 
ing forward  the  pipe-rock  upon  itself  along  the  slopes  above  Allt 
Ghiubhais  as  far  as  the  Coille  Dhubh  (Sheet  81),  From  this 
point  westwards  to  the  Kishorn  the  Middle  Cambrian  series  is 
thrown  against  the  undisturbed  serpulite-grit  along  the  outcrop 

♦This  section  of  the  present  chftpter  is  supplied  by  L.  W.  HinKmau.  This 
district  in  contained  in  Sheets  71,  81,  and  82  of  Die  Geological  Survey  Map  of 
Scotland,  on  the  rtcule  of  one  inch  t'«  a  mile. 
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of  the  thrust ;  though  above  Loch  an  Loin  the  latter  is  for  some 
distance  overlapped  by  a  *  sole,"  upon  which  the  heaped-up 
limestones  of  Glen  Kisliorn  have  been  brought  forward. 

The  next  thrust  to  the  east  crosses  the  head  of  Glen  Torridon 
at  Lochan  lasgaich,  and  runs  with  a  somewhat  sinuous  course 
to  Loch  an  Eoin,  north  of  Meall  a'  Chinn  Deirg,  for  the  most 

{)art  thrusting  the  Torridonian  series  upon  itself.  But  small 
enticular  patches  of  basal  quartzites  appear,  as  in  the  first 
thrust,  beneath  the  thrust-plane  near  Lochan  lasgaich,  and  in 
the  crag  above  Loch  Meall  a'  Ghuaill,  two  miles  south  of  Glen 
Torridon.  A  conspicuous  feature  marks  the  course  of  the  thrust 
above  the  western  shores  of  Loch  an  Eoin,  whence  the  outcrop 
sweeps  round  the  scarped  front  of  Meall  a'  Chinn  Deirg  (3060 
feet).  This  dislocation  has  brought  forward  the  Torridonian 
grits  (Bb)  and  the  striped  sandstones  of  Group  III.  that  form  the 
top  of  the  last-named  mountain,  and  has  placed  these  strata  upon 
the  folded  Cambrian  quartzites  (Ca,  Cb)  on  its  steep  westeni 
face  (Fig.  53)  and  the  hill-slopes  that  stretch  southwards 
between  Loch  Coire  an  Ruadh  Stac  and  Loch  Cadh'  an  Eididh, 
about  a  mile  and  a  half  S.S.W.  of  An  Ruadh-stac.  The 
quartzite  rises  in  a  steep  cliff  above  the  southern  shore  of  the 
latter  loch,  curves  round  to  meet  the  thrust,  and  completely  over- 
laps the  sandstones ;  while  the  thrust-plane,  a  short  distance 
fui-ther  south,  buries  itself  beneath  the  piled-up  fucoid-beds  and 
serpulite-grit  at  the  head  of  AUt  a'  Ghiubhais. 

A  third  mass  of  Torridonian  and  Cambrian  strata  has  been 
driven  westward  and  superimposed  transgressively  upon  the 
different  zones  and  sub-zones  of  the  Cambrian  quartzite  by  a 
thrust  which  leaves  the  road  at  Loch  Maireannach,  near  the 
head  of  Glen  Torridon,  and  traverses  the  steep  western  face  of 
Sgurr  Dubh  and  the  hills  to  the  south  a  short  distance  west  of 
the  watershed.  Between  Sgurr  Dubh  and  Lochan  Uaine,  at  the 
base  of  the  north  slope  of  Beinn  Liath  Mhor,  the  dip  of  the 
thrust-plane  is  generally  low,  but  as  this  plane  passes  through 
Coire  Uranda  and  crosses  the  western  peak  of  Sgurr  Ruadh — 
where  the  sandstones  rest  upon  intensely-folded  basal  quartzite — 
the  angle  of  inclination  rises  from  30°  to  nearly  G0°.  The 
amount  of  disruption  lessens  as  the  outcrop  is  followed  down  into 
the  head  of  Coire  Fionnaridh,  and  on  the  slopes  of  Meall  a'  Chinn 
Deirg  on  the  further  side  of  the  glen  the  thrust  appears  to  have 
passed  into  an  inverted  fold. 

The  structure  of  the  district  will  be  most  conveniently 
explained  by  means  of  some  sections  drawn  across  it.  One  of 
these  (Fig.  53),  which  runs  from  Beinn  Damh  (2958  feet)  in  a 
south-easterly  direction  to  Strath  Carron,  shows  at  its  west  end 
the  Cambrian  quartzites  (Ca)  resting  unconformably  and  at  a 
lower  angle  and  inclination  upon  the  Torridon  Sandstone  (Bb), 
the  basal  quartzite  lying  almost  flat  at  the  west  end  of  the  outlier 
which  caps  Beinn  Damh.  On  the  steep  eastern  face  of  the 
mountain  the  sandstones  dip  west  at  a  high  angle  beneath  the 
quartzite,  but  further  down  the  slope  the  inclination  rapidly 
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lessens  towards  a  great  anticlinal  fold  in  the  line  of  Strath  a' 
Bhathaich,  till  on  the  eastern  side  of  that  valley  the  beds  dip 
to  the  south-east. 

A  short  distance  up  the  south-eastern  slope  of  the  same  valley 
the  boundary  of  the  disturbed  area  is  marked  by  the  outcrop  of 
the  first  major  thrust,  by  which  a  wedge  of  Torridonian  and 
Cambrian  strata  has  been  brought  in  along  the  lower  part  of  the 
steep  face  of  Meall  a'  Chinn  Deirg.  The  two  zones  of  the 
quartzite  (Ca,  Cb)  are  introduced  by  a  sharp  inverted  fold,  which 
includes  a  number  of  minor  plications.  The  eastern  limb  of  this 
fold  is  truncated  by  the  next  major  thrust,  which  has  carried 
westward  more  than  1000  feet  of  Torridonian  rocks.  The  upper 
portion  of  this  mass,  which  forms  the  summit  of  the  mountain, 
IS  composed  of  fine-grained,  violently  false-bedded  red  sand- 
stones. The  laminee  indicating  current-bedding  are  usually  here 
as  elsewhere  inclined  at  a  high  angle  to  the  true  bedding-planes, 
and  often  much  contorted.  Intercalated  with  the  sandstones 
are  several  bands  of  greenish-grey  flags  and  shales,  one  of  which, 
at  the  base  of  the  series,  reaches  an  average  thickness  of  15  feet, 
and  can  be  traced  for  nearly  a  mile.  Similar  rocks  are  found  on 
the  summit  of  Fuar  ThoU,  three  and  a  half  miles  to  the  east,  and, 
with  those  described  above,  may  be  assigned  to  the  Cailleach 
Head  group  (III.)  of  the  Torridonian  series. 

On  the  eastern  slope  of  Meall  a'  Chinn  Deirg  the  red  sand- 
stones are  again  followed  unconformably  by  the  Cambrian  pipe- 
rock  and  basal  quartzite,  which  are  repeated  by  normal  and 
inverted  folds  cut  off  on  the  east  by  a  minor  thrust.  A  few 
yards  to  the  east  of  the  second  of  these,  the  Torridon  grits  and 
striped  sandstones  once  more  make  their  appearance  and  rest  in 
an  inverted  position  upon  the  basal  quartzite,  both  dipping 
south-east  at  angles  of  25^-30°.  The  folded  inverted  junction 
is  well  displayed  in  the  cliffs  two- thirds  of  a  mile  north  of  the 
loch  at  the  head  of  Allt  nan  Ceapairean,  which  drains  the  eastern 
slope  of  An  Ruadh-stac. 

For  two  miles  eastward  from  this  point  the  ground  is  occupied 
by  isoclinally-folded  Torridonian  strata  belonging  for  the  most 
part  to  the  arkose  group  (Bb)  and  dipping  uniformly  S.E.- 
S.S.E.  at  an  average  angle  of  15°.  On  the  west  side  of  Coire 
Fionnaridh  the  basal  quartzite  and  pipe-rock  again  appear  in 
natural  sequence,  followed  in  places  by  the  fucoid-beds,  which 
crop  out  at  intervals  from  beneath  a  cake  of  thrust  material, 
which,  brought  forward  on  two  thrust-planes,  covers  the  eastern 
slope  of  Carn  Griogaig  and  descends  to  the  roadside  between 
Coulags  and  Balnacra  in  Strath  Carron. 

The  rocks  which  rest  upon  the  plane  of  the  first  of  these  thrusts 
consist  of  the  middle  members  of  the  Cambrian  series,  repeated 
and  driven  together  by  numerous  reversed  faults.  These  strata 
are  in  turn  overridden  by  the  Kishom  thrust,  which  has  here 
pushed  westwards  a  mass  of  mylonised  flaggy  Lewisian  gneiss  (A). 
The  rocks  which  repose  upon  the  sole  of  this  maximum  thrust 
overlap  in  places  the  piled-up  strata  below,  as  well  as  the  fucoid- 
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beds  cm  which  these  strata  lie.  On  the  top  of  the  hill  the  gneisn 
ean  be  seen  resting  directly  upon  the  pipe-rock.  An  isolated 
portion  of  this  thrust  mass  of  material  is  fo\ind  on  the  hill-side 
immediately  above  the  foot  of  Loch  Dhngaill  in  Strath  Carron. 
It  is  bounded  on  the  south  side  by  a  normal  fault  whirh  forms  a 
deep  gully  up  the  declivity.  The  precipitous  southern  face  of 
this  ravine  is  composed  of  shattered  pipe-rock,  while  on  its 
northern  side  the  KisUorn  thruat-plane  is  well  exposed  iu  section. 
The  crushed  and  mylonised  ^eiss  may  there  be  seen  to  rest 
upon  sheared  fuooid-shales  and  dolomite.  The  rocks  along  this 
line  of  dislocation  are  much  reddened,  and  filled  with  veins  of 
calcite  and  haematite. 

East  of  the  Carron  valley  the  granulitic  quartzose  schists  of  the 
Moine  aeries  (M),  with  iniiers  of  Lewisian  gneiss  (A),  are  repre- 
sented, and  their  relations  to  the  displaced  masses  are  not 
visible.  The  position  of  the  Moine  thrust,  if  present,  is  beneath 
the  alluvial  deposit*  of  the  River  Carron.  as  shown  in  Fig.  53. 

In  the  ground  to  the  south  of  that  represented  in  the  foregoing 
section  the  structure  of  the  disturbed  belt  becomes  more  compli- 
cated. The  Torridon  Sandstones  that  overlie  the  first  thrust- 
plaue  ou  the  i-iist  side  of  Strath  a'  Bhathaich  are  succeeded 
unconformably  by  the  Cambrian  quartzites,  which  have  been 
thrown  into  a  double  isoclinal  fold  ou  the  lower  slopes  of  Ruadh 
Stac,  whereby  the  outcrops  of  the  pipe-rock  and  basal  quartzite 
are  repeated.  Further  up  the  side  of  that  hill  the  eastern  limb 
of  this  double  fold  is  truncated  by  the  second  major  thrust, 
which  again  brings  forward  a  mass  of  Torridonian  and  Cambrian 
strata.  The  quartzites  that  form  the  crest  and  •iteep  eastern  face 
of  the  mountain  arc  iirnmged  iu  a  serie.'  of  cntii^ilcx  isoclinal 
folds,  most  of  which  are  broken  on  the  eastern  side  by  minor 
thrusts,  the  amount  of  displacement  in  each  case  being,  how- 
ever, comparatively  small.  The  intensity  of  the  folding  is  well 
illustrated  on  the  bare  glaciated  ridpe  between  Ruadh  Stac  and 
Loch  Cadh'  an  Eididh,  where  the  different  sub-zones  of  the  pipe- 
rock  are  so  distinctly  traceable  that  the  structure  of  the  ground 
can  be  followed  with  comparative  ease.  From  the  foot  of 
Ruadh  Stac  south-eastwards  to  Strath  Carron  the  tectonic 
arrangement  of  the  rocks  is  similar  to  that  shown  in  the  eastern 
part  of  the  section  drawn  in  Fig.  5^. 

The  greater  complexity  of  the  structure  in  a  southerly 
direction  may  be  further  illustrated  by  another  section  (Fig,  54) 
drawn,  not  far  from  the  ground  traversed  by  the  last,  in  a 
south-easterly  direction  from  the  valley  of  Strath  a'  Bhathaich 
across  the  ridge  of  Glas  Bheinn  to  (be  head  of  Loch  Carron  at 
Kirkton.  At  the  north- we.stern  end  of  this  section  the  same 
anticlinal  fold  and  the  Fasagh  fault  are  shown  as  in  Pig.  53 
traversing  the  Torridon  Sandstones  (Bb),  which  are  succeeded 
unconformablv  by  the  lowest  members  of  the  Cambrian  series 
(Ca-Ce).  ■      ■ 

South  of  the  Gorm  Loch,  above  the  major  thrust-planes,  a  con- 
siderable area  round  the  upper  part  of  the  Allt  a'  OhiubhaiB  glen 
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and  the  pass  that  leads  thrcmeh 
to  Strath  Carron  is  occupied  by 
repetitions  of  the  facoid-beds, 
eerpulite-grit,  and  basal  limeatone, 
folded  and  driven  together  in 
great  complexity.  On  the  eonth 
side  of  that  glen  this  mass  of 
piled-up  material  is  soon  overlain 
by  limestones  belonging  to  the 
Ghi'udaidh  and  Eilean  Dubh 
groups.  These  have  been  carried 
forward  by  a  thrust  which  traverses 
the  southern  slopes  of  the  Kishom 
valley,  and  gradually  descends  to 
the  roadside  at  Rassal,  where  it  is 
cut  off  by  the  Fasagh  fault.  A 
belt  of  ground,  five  miles  in 
length  and  nearly  three-quarters 
of  a  mile  in  breadth,  is  occupied 
by  these  limestones,  which,  though 
inclined  at  verj'  high  angles,  are 
made  to  spread  over  so  large  an 
area  by  being  incessantly  repeated 
by  folds  and  reversed  faults. 

A  short  distance  west  of  the 
Allt  a'  Qhiubbais  pass  the  lime- 
stones are  themselves  overlapped 
by  another  thrusts-plane  on  which 
the  quartzite  has  been  carried 
westward.  On  the  watershed  at 
the  head  of  the  pass  the  pipe-rock 
dips  at  a  high  angle  beneath  the 
basal  quartzite,  which  is  in  turn 
followed  in  inverse  order  by  Tor- 
ridonian  grits,  these  again  being 
overlain  in  a  similar  manner  by 
Lewiaian  gneiss.  The  double  un- 
conformability  ie  thus  represented 
here  in  inverted  order.  Owing, 
however,  to  folding  and  crushing, 
the  boundary  lines  of  the  different 
rocks  are  considerably  involved, 
and  it  is  besides  often  extremely 
difficult  to  separate  the  base- 
ment breccia  of  the  Torridonian 
series,  made  up  as  it  is  of  frag- 
ments of  gneiss,  from  the  gneiss 
itself. 

On  the  south  side  of  the  pass 
rise  the  steep  craggy  sides  of 
Glas  Bheinn,  a  mass  of  Lewisian 
gneiss   which   has   been  brought 
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forward  by  a  powerful  dislocation  (KishorB  thrust)  that  trun- 
cates the  diffptc-nt  members  of  the  Cambrian  and  Torridoniau 
scries  between  Loch  Dhugaill  in  Strath  Carron  and  Loch 
Kishorn,  This  great  line  of  disruption  runs  northward  from 
Loch  Kishorn  to  Tornapress,  whence  it  follows  the  course  of  the 
Allt  Mor  iind  sweeps  round  the  base  of  Glaa  Bbeiiin  to  the  head 
of  the  Tullich  Oleii.  The  material  driven  forward  upon  its  sole 
rotisist  of  Lewisian  gneiss  (A)  and  portions  of  the  lowest  Torri- 
dtmian  group  (Ba),  The  two  formations  preserve  their  normal 
unconformable  relations,  but  in  inverted  order,  so  that  the  gneiss 
rests  upon  the  younger  rock  and  forms  the  highest  part  of  the 
hill. 

The  Eishorn  thnist-plane  is  well  displayed  in  the  deep  ravine 
cut  by  the  Allt  Mor  above  Tomapress.  Its  angle  of  inclination 
is  here  high,  ranging  from  50°  to  80°.  The  stream  flows  along 
the  actual  line  of  dislocalion,  between  steep  walls  composed  on 
the  one  side  of  crushed  and  reddened  Eilean  Dubh  limestone,  and 
on  the  other  of  sheared  Torridon  grits  and  flagstones. 

The  same  plane  of  movement  is  laid  bare  along  the  stream 
that  Hows  eastward  from  the  head  of  the  Tullich  Pass  into  the 
Ambainn  Bbuidheach,  where  also  the  water  follows  the  line  of 
displacement  between  the  quartzite  below  and  the  mj-lonised 
gneiss  above. 

Kast  of  the  Tullich  Glen  the  moved  ma.ss  of  Lewisian  rock* 
which  lies  upon  the  Kishorn  thrust-plane  is  for  the  most  part 
underlain  bv  the  platform  of  fucoid-beds  and  serpulite-grit  that 
have  been  driven  together  as  above  described.  In  places,  how- 
evei-.  the  friu'i^s  overlaps  on  to  the  fucoiil-bedii  niid  pipe-rock 
below  the  sole  on  which  these  Cambrian  strata  have  been  carried 
forward.  The  thrust-plane  finally  descends  to  the  valley  of 
Strath  Carron  near  Coulags,  where  it  is  concealed  beneath  the 
alluvium  of  the  River  Canon. 

In  addition  to  the  great  lines  of  disruption  here  described,  the 
successive  masses  of  Torridonian  and  Cambrian  strata  brought 
forward  on  the  major  thrust-planes  have  undergone  a  further 
amount  of  intricate  plication  and  movement,  which,  though 
perhaps  as  much  developed  in  the  older  as  in  the  younger  forma- 
tion, can  only  be  recognised  in  its  full  complexity  among  the 
easily-distinguishable  jJones  and  sub-zones  of  the  Cambrian 
series. 

Only  a  comparatively  feeble  degree  of  metamorphism  ia 
observable  among  the  successive  masses  of  Torridonian  grit  and 
sandstone  where  they  have  been  cut  through  by  the  thrust- 
planes,  except  in  the  case  of  the  Kishorn  thrust.  A  certain 
amount  of  crushing  and  incipient  shearing  can  be  detected  along 
the  line  of  the  major  thrusts  in  Glen  Torridon  and  on  the  slopes 
of  Meall  a'  Chinn  Deirg,  though  at  a  short  distance  from  the 
line  of  disruption  the  rocks  often  appear  to  be  entirely  un- 
modified. The  appearance  of  veins  and  strings  of  white  quaj^z 
in  the  otherwise  unaltered  sandstones  is  an  invariable  feature  in 
the  thrust  masses.     Though  no  interstitial  movement  has  t^keq 
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l)lace  in  these  rocks,  they  have  been  much  fractured  and  jointed, 
the  resulting  cracks  and  fissures  being  now  filled  with  segregated 
quartz  forming  a  network  of  ramifying  veins,  which  on  glaciated 
and  weathered  surfaces  stand  out  in  high  relief. 

It  is  along  the  line  of  the  great  Kishom  or  Kinlochewe  thrust- 
plane  that  the  internal  differential  movement  in  the  rocks  has 
reached  in  this  district  its  maximum  development.  The  Torri- 
donian  grits  and  sandstones  have  been  converted  into  green  and 
red  flagstones,  in  which  the  constituent  particles  have  been 
drawn  out  along  the  lines  of  movement,  and  the  original  litho- 
logical  character  of  the  rocks  has  been  more  or  less  obliterated. 

The  basal  shaly  beds  pass  into  black  slaty  schists  and  flag- 
stones ;  and  the  immediately  overlying  gneiss,  partaking  in  the 
same  movements,  is  crushed  and  mylonised  to  such  a  degree  that 
in  some  places  it  is  difficult  to  determine  the  actual  junction-line 
between  the  two  formations.  Even  the  basal  Torridonian 
breccia  is  in  some  places  simulated  by  a  pseudo-conglomeratic 
rock,  which  has  been  produced  by  the  crushing  of  the  gneiss 
where  it  is  filled  with  veins  of  pegmatite. 

On  the  east  side  of  Glas  Bheinn  (Fig.  54)  the  relations  of  the 
Moine-schists  to  the  Lewisian  gneiss  are  unfortunately  obscured 
by  a  normal  fault,  which  throws  down  the  siliceous  flagstones 
and  phyllites  of  the  Moine  series  (M)  against  the  deformed  gneiss. 
But  immediately  to  the  west  of  this  dislocation  it  is  evident  that 
the  original  characters  have  here  been  effaced,  the  rocks  having 
been  converted  into  the  banded  mylonites  with  marked  flaser 
structure,  which  have  been  shown  in  the  previous  chapters  to  be 
so  persistent  an  accompaniment  of  the  Moine  thrust-plane. 

II.  AREA  BETWEEN  LOCH  KISHORN  AND  LOCH  ALSH.* 

The  most  striking  feature  of  the  belt  of  complication  in  the 
ground  now  to  be  described  is  the  stupendous  inversion  of  the 
Torridon  Sandstone  and  Lewisian  rocks  above  the  Kishom 
thrust-plane.  The  overturned  gneissic  floor,  lying  at  a  gentle 
angle  on  the  inverted  epidotic  grits,  black  shales,  and  sandstones 
of  the  lowest  Torridon  division,  forms  a  bold  and  conspicuous 
escarpment  to  the  north  and  south  of  the  entrance  to  Loch 
Carron.  The  boundary  line  between  the  two  formations  has 
been  traced  from  the  western  slope  of  Cearcall  Dubh,  north-east 
of  Kishom,  southwards  to  a  point  in  Loch  Carron  about  a  mile 
west  of  North  Strome,  thence  on  the  south  side  of  the  loch  by 
Femaig  and  the  prominent  crag  east  of  Duncraig  to  Gleannan 
Dorch,  where  it  is  truncated  bv  the  Balmacara  thrust.  This 
remarkable  piece  of  topography,  so  continuous  for  several  miles, 
is  without  parallel  in  the  North- West  Highlands. 

Within  the  belt  of  complication  in  this  district  a  high  grade 
of  metamorphism  is  observable  among  the  lowest  Torridon  strata 
usually  at  or  near  their  inverted  base-line.  This  alteration  may 
be  studied  with  advantage  at  Femaig  in  the  conglomerate  which 

*  This  section  is  by  B.  N.  Peach  and  J.  Home. 
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ii-(ipa  out  there.  This  rock  is  traceable 
only  for  a  limited  distance,  but  wbeii 
it  is  absent  its  place  is  taken  by 
epidotic  grits  and  shales,  which  lie  in 
contact  with  the  old  floor  of  gneiss. 
Conaidsrable  differential  movement 
has  taken  place  in  some  parts  of  the 
Lewisian  roclss  and  underlying  epi- 
dotic grits.  New  divisional  planes 
have  consequently  arisen,  which  are 
inclined  at  gentle  angles  to  E.S.E, 
Thin  pegmatites  of  quartz  and  felspar 
appear  in  the  displaced  sandstones 
and  sliales  crossing  the  planes  of 
aehistosity.  A  high  degree  of  meta- 
nicirphism  is  likewise  observable  in 
certain  outliers  of  ti.e  basal  Torri- 
donlan  beds  at  Loch  nan  Gillean  and 
Loch  na  Leitire,  east  of  the  great  crag 
of  gneiss  beyond  Duncraig.  (.Sheet 
71.)  Above  the  Balmacara  tJinist- 
plaue  that  stretches  from  the  shore  of 
Loch  Alah  at  Ai-d  Hill  north  to  near 
the  head  of  Balinacara  Bum,  and 
thence  in  a  winding  course  round 
Coille  Mlior  and  Sgorr  Beag  to  Glean- 
nan  Dorch,  h^hly  deformed  Lewisian 
gneiss  is  observable,  together  with 
jjatches  of  epidotic  gints  and  shales, 
which  here  and  there  have  likewise 
undergone  much  alteration. 

The  position  of  the  Moine  thrast- 
plane  is  defined  at  certain  places  be- 
tween Braeintra  in  Strath  Ascaig  and 
Kirkton  of  Lochaleh.  Of  special  in- 
terest and  importance  is  the  evidence 
of  the  crushing  and  deformation 
of  tlie   siliceous    schists    above    that 

At  the  western  end  of  the  section 
di'awn  in  Fig.  55  the  position  is  shown 
of  the  great  fault  (f)  which  has 
already  been  referred  to  as  letting 
down  the  thrust  Cambrian  dolomites, 
limestones,  and  underlying  quartzit«s 
against  the  undisturbed  Torridon 
Sandstones  of  the  Applecross  region. 
This  dislocation  passes  under  the  sea 
and  runs  down  the  length  of  Loch 
Kishom.  The  heaped-up  dolomites  are 
in  turn  overriden  by  pipe-rock,  fucoid- 
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beds,  and  serpulite-grit,  these  being  abruptly  ti-uncated  by  an 
intermediate  displacement  which,  coming  m  advance  of  the 
Kishom  thrust,  brings  forward  a  small  core  of  cioished  gneiss 
and  red  sandy  shales  (Torridon) .  Eastwards  the  belt  of  inverted 
Torridon  Sandstone,  composed,  as  already  indicated,  of  the 
Diabaig  group  (Ba),  and  inclined  at  gentle  angles  to  E.S.E.,  is 
traversed  by  an  east  and  west  fault  that  runs  along  Glen  More 
and  shifts  the  outcrop  of  the  Kishom  thrust-plane  westwards  to 
the  sea-floor.     (Sheet  81.) 

On  the  west  and  south  slopes  of  An  Sgorr  the  black  and  grey 
shales  and  epidotic  grits  at  the  base  of  the  Torridon  series  pass  in 
inverted  order  underneath  the  Lewisian  floor,  which,  not  far 
above  the  line  of  junction,  consists  of  a  prominent  sill  of 
epidiorite  and  hornblende-schist  (B°),  underlain  in  places  by  grey 
gneiss  (A),  mica-schists,  and  rusty-brown,  slightly  graphitic 
schists,  recalling  the  types  of  rock  that  appear  north  of  Loch 
Maree  in  the  undisturbed  area  of  gneiss.  In  Sheet  81  the 
development  and  distribution  of  this  intrusive  mass  are  shown. 
It  ranges  southwards  to  North  Strome,  near  to  which  place  it 
may  be  examined  in  some  excellent  exposures. 

On  the  southern  slope  of  An  Sgorr  the  Lewisian  rocks  and  the 
inverted  Torridon  Sandstone  below  them  have  been  thrown  into 
a  gentle  arch,  indicative  of  the  folding  of  the  displaced  materials 
after  their  inversion.  Eastwards  the  grey  gneiss  and  associated 
hornblende-schist  are  followed  by  masses  of  basic  material  with 
red  pegmatites,  which  on  the  higher  part  of  the  eastern  declivity 
are  not  much  deformed.  Towards  Slumbay,  however,  the 
development  of  mylonites  is  well  marked,  both  the  grey  acid 
gneiss  and  pink  pegmatites  showing  fine  flaser  structure.       The 

f)osition  of  the  Moine  thrust  probably  lies  here  beneath  the  sea- 
evel,  as  shown  in  Fig.  55.  On  Sgeir  Chreagach,  in  the  middle 
of  Loch  Carron,  fine  gametiferous  mica-schist  appears,  and  on 
the  east  side  of  the  loch  granulitic,  siliceous  Moine-schists  (M) 
are  followed  by  a  mass  of  reconstructed  Lewisian  gneiss  (A). 
The  granulitic  hornblende-gneiss  seems  to  occur  here  in  the 
form  of  an  arch,  as  the  siliceous  flagstones  are  met  with  higher 
up  the  slope. 

The  great  fault  in  Loch  Kishorn  splits  into  several  branches 
which  skirt  the  southern  shore  of  Applecross,  and  there  produce 
marked  brecciation  of  the  unthrust  members  of  the  middle 
division  of  the  Torridon  Sandstone.  East  of  this  normal  dis- 
placement in  Loch  Kishom,  the  beds  of  arkose  forming  the 
Applecross  group  (Bb,  Fig.  56),  also  the  various  sub-divisions 
of^^the  Diabaig  group  (Bai  to  Ba^)  met  with  in  Sleat  (Skye)> 
can  be  traced  succeeding  each  other,  but  in  inverted  order. 
They  are  finally  surmounted  by  the  Lewisian  gneiss  on  Creag 
Dallag  east  of  Duncraig.  The  higher  Kinloch  beds  of  Sleat 
(Ba^)  appear  west  of  Reraig  ;  the  Beinn  na  Seamraig  grits  (Ba^) 
on  the  promontory  of  Ardaniaskin  and  on  the  islands  in  Loch 
Carron;  the  Loch  na  Dal  beds  (Ba^),  the  epidotic  grits,  and 
the  local    basement  conglomerate   (Ba^)  on  the  slope  beneath 
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Ureag  Uallag.  Throughout  this  line  of  section  there  is  a 
persistent  dip  to  E.S.E.  at  gentle  angles.  Though  flaser 
structure  is  apparent  in  the  grits  on  Ardaniaskin,  the  deforma- 
tion becomes  much  more  pronounced  near  the  overturned  floor 
of  Lewisian  rocks,  where  the  epidotic  grits,  the  basal  con- 
glomerate and  gneiss  have  acquired  common  planes  of  schistosity 
inclined  to  E.S.E. 

Eastwards  from  the  inverted  base-line  of  the  Torridon  Sand- 
stone flaser-structure  decreases.  Granulitic  gneiss  of  the  Meall 
Riabhach  type  (Loch  Maree),  including  bands  of  hornblende- 
schist,  occur  on  the  ridge,  and  near  the  south-east  limit  of  thie 
mass  the  large  sill  of  hornblende-schist  (B^)  appears  as  the 
southern  prolongation  of  that  on  An  Sgorr  referred  to  in  the 
previous  section.  Mica-schists  are  not  found  here  in  association 
with  this  intrusive  sheet,  but  east  of  Port  a'  Chuillin  and  about 
a  mile  west  of  Stromeferry  they  are  met  with  on  the  shore.  In 
the  railway  cuttings  west  of  Stromeferry  Station  fine  examples 
are  seen  of  phacoidal  structure  in  the  pegmatites  and  basic 
gneiss.     (See  Plate  XXIX.,  Part  I.,  Chap.  XIV.) 

The  sill  of  hornblende-schist  is  truncated  by  a  well-marked 
thrust  with  a  low  dip,  which  brings  forward  a  mass  of  highly- 
sheared  platy  gneiss.  A  second  line  of  disruption  supervenes, 
above  which  the  Lewisian  rocks  still  show  some  of  their  original 
characters,  and  further  east  a  third  displacement  (the  Balmacara 
thrust)  has  driven  westwards  some  intensely-sheared  gneiss,  to 
be  referred  to  in  the  sequel. 

West  of  Braeintra,  in  Strath  Ascaig,  the  plane  of  the  Moine 
thrust  is  well  exposed  in  a  little  side  stream  on  tne  hill-slope,  where 
an  outlier  of  siliceous  schist  rests  on  deformed  gneiss.  Here  the 
ordinary  structures  of  the  Moine-schists  have  been  broken  down 
by  the  post-Cambrian  movements.  The  main  outcrop  of  the 
Moine  thrust-plane  lies  not  far  to  the  east.  It  is  worthy  of  note 
that  three-quarters  of  a  mile  south  of  Braeintra,  at  the  bridge  by 
the  side  of  the  road,  an  epidotic  schistose  grit  appears  at  the 
inverted  junction  of  the  siliceous  Moine-schists  with  the  granu- 
litic biotite  gneiss  of  Lewisian  age.  Beyond  the  narrow  belt  of 
quart^ose  flagstones  overlying  the  main  outcrop  of  the  Moine 
displacement  outliers  of  Moine-schist  (M)  may  be  observed  within 
the  area  of  granulitised  Lewisian  gneiss  (A).     (Fig.  56.) 

East  of  the  headland  of  An  Dubn  Aird,  at  the  mouth  of  Loch 
Carron,  all  the  Torridon  strata  are  inverted  (Fig.  67).  The  axial 
line  along  which  the  inversion  begins  is  situated  among  the 
members  of  the  Applecross  group  (Bb),  some  of  which  have  a 
normal  dip  to  the  west,  while  others  are  inclined  to  the  east. 
As  those  with  an  eastward  inclination  are  followed  inland  they 
are  seen  to  pass  in  inverted  order  beneath  the  Diabaig  group  (Ba). 
The  zone  of  Kinloch  beds  (Ba*)  is  developed  round  the  shores 
of  the  bay  between  Plockton  and  Duncraig,  whence  it  extends 
eastwards  beyond  the  mansion  of  Duncraig.  These  are  followed 
in  inverted  order  by  the  other  sub-divisions  of  this  lowest  Torri- 
donian  group  (Ba'*  to  Ba^),  till,  on  the  bold  escarpment  of  Cam 
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a'  Bhealaich  Mhoir,  the  basal  conglomerate  (Ba^)  is  overlain  by 
grey  granulitic  gneiss  (A),  on  which  it  normally  rests.  The 
amount  of  deformation  at  this  place  is  much  less  than  that  at 
Fernaig,  already  described,  l^eyond  the  gneiss  lies  the  sill  of 
hornblende-schist  (B°),  previously  referred  to  in  this  chapter, 
which  is  cut  ofip  by  a  thnist  that  brings  forward  platy  crushed 
gneiss.  Xot  far  to  the  east  a  second  thrust  supervenes,  which 
has  driven  westwards  a  slice  of  Lewisian  gneiss  with  small  out- 
liers of  the  basal  members  of  the  Torridon  Sandstone  (Ba^,  Ba^), 
showing  a  high  degree  of  metamorphism.  The  general  strike 
of  the  foliation  of  the  Lewisian  series  here  is  north-west  and 
south-east,  but  near  the  lines  of  disruption  it  roughly  coincides 
with  their  trend.  The  gneiss  is  massive  and  hornblendic,  with 
bands  of  epidiorite.  The  patches  of  inverted  Torridon  strata  lie 
in  several  folds,  two  of  which  appear  in  the  line  of  section.  (Fig. 
57.)  They  comprise  the  basal  conglomerate,  epidotic  grits, 
together  with  dark  shales  and  flaggy  grey  siliceous  sandstones 
of  the  Loch  na  Dal  group  of  Sleat.  These  rocks  show  flaser- 
structure,  peripheral  granulitisation  of  the  grains,  and  a  develop- 
ment of  sericitic  mica.  They  are  visible  on  the  south-east  shore 
of  Loch  nan  Gil  lean  and  on  the  south  side  of  Loch  na  Leitire, 
three  miles  north  of  Kirkton  of  Lochalsh.  (Sheet  81.)  About 
200  yards  east  of  the  latter  lake  the  pebbles  in  the  basal  con- 
glomerate have  been  flattened  and  elongated. 

About  100  yards  south  of  Loch  na  Leitire  the  outcrop  of  an 
important  thrust-plane  (Balmacara)  has  been  laid  open  in  a 
small  bum,  where  the  grey  flaggy  beds  of  the  Diabaig  group  are 
superimposed  on  sheared  gneiss.  On  the  cliff  south  of  that 
lake  the  black  shales  of  the  Loch  na  Dal  group  are  eurmounted 
by  the  epidotic  grits  and  basement  conglomerate  that  pass,  in 
inverted  order,  beneath  the  overturned  Lewisian  floor  (A). 
Here  the  thrust  Torridonian  strata  show  a  considerable  degree  of 
alteration.  Still  further  to  the  east  along  the  same  line  of 
section  a  remarkable  development  of  intensely-sheared  gneiss 
appears  on  Beinn  Raimh.  In  this  Lewisian  mass  the  original 
structures  have  been  almost  wholl}^  effaced,  its  band  of  acid 
and  basic  rock  with  pegmatites  being  now  represented  by  red, 
grey,  and  green  striped  mylonites.  On  the  eastern  declivity  of 
the  same  hill  these  rocks  are  truncated  by  the  Moine  thrust  (T'), 
which  has  here  carried  westwards  four  inverted  folds  of  siliceous 
schist  (M,  M)  with  intervening  bands  of  gneiss  (A).  The  type 
of  Lewisian  rock  in  these  intervening  arches  is  a  granulitic, 
epidotic,  hornblende-biotite  gneiss  with  large  lenticles  of  horn- 
blende-schist. At  the  eastern  margin  of  the  third  infold  of 
siliceous  schist  and  at  the  western  edge  of  the  fourth  belt, 
exposed  in  Gleann  Udalain,  a  conglomeratic  rock  makes  its 
a])pearance,  having  a  holo-crystalline,  micaceous,  and  horn- 
blendic matrix,  and  containing  pebbles  of  quartz  and  of  an 
epidotic  gneiss  like  the  underlying  Lewisian  type. 

At  Erbusaig,  on  the  west  coast  of  the  peninsula  between  Loch 
Carron  and  Loch  Alsh,  and  on  the  outlying  islands,  the  beds  of 
the  middle  division  of  the  Torridon  Sandstone  have  a  normal 
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inclination  to  the  west.  Further  east  lies  the  axial  north  and  south 
line  of  inversion,  east  of  which,  for  a  distance  of  four  miles, 
the  Torridonian  strata  are  inverted.  The  arkose  of  the  Apple- 
cross  group  (Bb),  extending  eastwards  to  near  Loch  Scalpaidh, 
is  followed  eastwards  in  inverted  order  by  the  members  of  the 
Diabaig  group  (Ba*  to  Ba^),  which,  thrown  into  gentle  anticlines 
and  synclines,  seem  so  regular  and  undisturbed  as  to  make  it  at 
first  hardly  credible  that  they  can  be  in  reality  all  upside  down. 
They  are  eventually  abruptly  truncated  by  the  Balmacara 
thrust,  which  has  driven  some  intensely-deformed  gneiss  over 
the  sheared  Beinn  na  Seamraig  grits  and  sandstones.  The 
deformation  that  accompanies  this  plane  of  movement  is  well 
exposed  on  the  shore  south  of  Ard  Hill  and  on  the  wooded  hill 
north  of  Balmacara  Hotel.  The  original  structures  have  been 
here  so  completely  effaced  that  it  is  difficult  to  determine  at 
what  point  the  line  of  disruption  should  be  drawn.     (Fig.  58.) 

Beyond  this  mass  of  flaser- gneiss  which  forms  the  high  ridge 
of  Kirkton  Hill  the  Moine  thrust  supervenes  near  Auchtertyre. 
This  gigantic  displacement  has  here  brought  westwards  a  belt  of 
siliceous  (Moine)  schists  (M),  from  300  to  500  yards  broad,  well 
exposed  in  the  bum  that  drains  the  hollow  between  Kirkton  and 
Auchtertyre  hills.  They  are  interleaved  in  places  with  thin 
bands  of  homblende-biotite-schist,  and  dip  at  gentle  angles  to 
E.S.E.  Near  the  thrust-plane  their  structures  have,  as  usual, 
been  crushed  and  deformed  by  the  post-Cambrian  movements. 
Along  their  eastern  margin  they  are  overlain  by  flaggy  biotite 
and  hornblende-gneisses  with  early  basic  masses  of  Lewisian 
type,  and  they  pass  transgressively  across  the  acid  and  basic 
rocks.  It  will  be  observed  that  in  the  Loch  Alsh  district  the 
intercalation  of  masses  of  undoubted  Lewisian  rocks  above  the 
Moine  thrust-plane  reaches  a  remarkable  development,  and  that 
a  considerable  body  of  these  rocks  lies  below  that  plane  within 
the  sphere  of  movement  of  the  Balmacara  thrust.  It  is  to  be 
remembered  also  that  deep  below  all  these  rocks  and  beneath  the 
inverted  Torridonian  series  the  Kishorn  thrust-plane  has  its 
place.     (See  Fig.  57.) 


CHAPTER    XXXIX. 

STRUCTURE    OF   THE    PENINSULA    OF    SLEAT    AND 
PAliT  OF  STRATH.   SKYE.* 

The  structural  features  of  the  district  of  Loct  Aluh,  described 
in  the  previous  ehapter,  are  prolonged  into  Skye,  where  some  of 
them  become  more  strikingly  developed.  The  much  gri'ntcr 
thickne>s3  of  Uie  Torridonian  series  in  this  island  than  on  the 
mainland  to  the  north  of  Loch  Alsh  has  doubtless  led  to  a 
striking  manifestation  of  the  characters  of  this  belt  of  eomplica^ 
tion  among  the  members  of  that  series.  The  great  Torridonian 
inversion  so  clearly  displayed  on  the  opposite  mainland  crosses 
into  the  district  of  Sleat,  where  also,  as  already  remarked,  over- 
folding  of  the  strata  appeais  to  be  more  prevalent  than  reverseti 
fuults  in  front  of  the  great  thrusts.  The  areas  occupied  by  dis- 
placed Lewisiau  rocks  in  Skye  are  of  compai-atively  small  extent. 
The  Cambrian  quartzites  and  lower  limestones  in  the  districts  ot 
Sleat  and  Strath  have,  certaiiily  in  f^reaf  part  and  perhaps 
wholly,  been  displaced  and  driven  into  their  present 
positions  by  some  of  the  great  westward  movements  of 
the  terrestrml  crust.  The  great  Moine  thrust,  which  in  the 
preceding  chapters  has  been  followed  southwards  from  the  north 
coast  of  Sutherland,  crosses  over  into  Skye  and  runs  through  the 
southern  part  of  Sleat  to  the  southern  extremity  of  the  island, 
bringing  with  it  slices  of  the  Lewisian  rocks  and  its  characteristic 
gneissose  flagstones  and  .siliceous  schists.  The  structure  of  this 
portion  of  Skye  will  be  best  understood  from  the  series  of  hori- 
zontal sections  described  in  the  present  chapter,  which  are 
arranged  in  topographical  order  from  north  to  south. 

The  section  in  Fig.  59  shows  the  general  grouping  of  the  rockB 
near  the  north  end  of  Sleat,  It  will  be  observed  that  all  the  rocks 
here  represented  in  the  Skye  jiortion  of  the  section  are 
Torridonian,  with  the  exception  of  some  dykes  and  a 
small  patch  of  mylouised  rocks  which  appear  from  under 
the  sea  at  Dun  Ruaige.  Although  the  Torridon  Sand- 
stones are  here  in  some  places  but  little  altered,  it  is  nevertheless 
certain  from  what  is  seen  near  Broadford  (Fig.  61)  and  Ord 
(Fig.  62)  that  they  have  all  been  thrust  forward  from  the  south- 

*  By  C.  T.  Clough.  The  district  described  in  this  vhApt«r  is  comprised  in 
Sboets  61  and  71  of  the  map  of  Scotland,  on  the  scale  of  1  inch  to  a  mile. 
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east  over  other  rocks,  consist- 
ing in  part  of  Cambrian  qusrt- 
zite  and  limestone.  They  have 
lieeii  t-arried  en  maste  with 
coniiiiij-ativelv  little  disturb- 
ance, excepting  near  the  axial 
plane,  inclininfr  ^/enlly  south- 
east, of  the  iji-'piif.  Loch  Alsh 
inversion,  ily^t  of  the  strata 
on  the  top  and  to  the  east  of 
Sgilrr  na  Coinnich  He  in  the 
upper  limb  of  this  fold,  and  in 
Tevprseri  position. 

The  rod  and  eliocolate  ark- 
oses  of  tlif  Ap]ilf(Toss  division 
of  the  Ton-idon  series  (Bb) 
appear  at  the  north-west  end 
of  the  section,  underlain  in  a 
south-easterly  direction  by  the 
different  divisions  of  tl]e  Dia- 
baig  gmup— llif  Kinloch  beds 
(Ba*),  the  HiMnii  na  Seamraig 
grits  (Ba^),  the  Loch  na  Dal 
shaly  series  (Ba*),  and  the 
epidotic  grits  (Ba').  The 
arkoses  and  most  of  the  Kin- 
loch beds  lie  in  their  normal 
order  in  the  lower  limb  of  the 
gieat  fold  and  dip  north-weat 
at  angles  ranging  from  20"  to 
50"  The  lower  portion  of  the 
Kinloch  division,  however,  to- 
gether with  a  great  pai-t  of  the 
Beinn  na  Seann-aijr  jjrits,  as 
well  as  all  the  Locli  na  Dal 
beds  and  ejiidotit-  grits,  are 
included  in  the  upper  or  in- 
verted limb  of  the  fold.  Since 
the  iiK'liiiati'.iti  of  the  axial 
plane  of  this  fold  is  not  so 
great  as  that  of  parts  of  the 
soiitli-L'n&tern  slope  of  Sgftrr 
na  Coinnich,  strata  which  lie 
in  the  lower  limb  of  the  fold 
tri..))  out  in  this  valley  to  the 
soTith  of  that  hill  and  in 
their  original  order.  Although 
some  of  them  appear  in  the 
figure  as  if  nearly  flat,  thny 
have  really  a  dip  to  north- 
east almost  at  right  anglea 
to  the  line  of  section.       A 
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north-easterly  dip  can  also  be  observed  for  some  distance  soufb- 
west  of  the  hne  of  section.  None  of  the  beds  which  di^  north- 
I'ast  lifi  far  from  the  axial  plane  of  the  great  fold,  and  it  seems 
more  probable  that  their  inclination  is  connecled  with  the  pro- 
duction of  the  great  fold  rather  than  with  any  cross  fold  of  later 
date. 

The  Apjilecross  arkoses  at  the  miHli-west  end  of  the  section 
itre  in  a  much  less  altered  condition  tbaa  the  Torridonian  roeke 
at  the  south-east  end.  They  either  display  no  cleavage  or  only 
a  very  weak  one,  while  in  the  rocks  at  the  opposite  end  the 
cleavage  planes  are  strongly  developed  and  aften  show  sericitic 
lustre,  as  well  as  a  considerable  elongation  of  their  large  clastic 
grains,  and  the  presence  of  many  thin  and  short  quartz-felspar 
veins.  Besides  this  increase  of  alteration  in  a  south-easterly 
direction,  it  has  been  ascertained  that  when  the  rocks  of  Sleat 
are  traced  along  their  strike  from  south-west  to  north-east  the 
Torridonian  series  displ.ij-s  an  augmented  degree  of  alteration 
towards  the  north-east.  Some  of  the  Applecross  beds  on  the 
north-eastern  side  of  the  line  of  section  contain  thin  veins, 
usually  less  than  an  inch  thick  hut  sometimes  six  inches,  of 
quartz,  felspar,  and  chlorite.  The  lower  beds  of  the  Beinn  na 
beamraig  grils  are  frequently  crossed  by  micaceous  foliation 
planes.  In  the  Loch  na  Dal  shales  near  Dun  Ruaige  the 
bedding  planes  are  repeatedly  crossed  by  similar  lustrous  folia- 
tion planes.  On  the  sides  of  Loch  na  Dal,  however,  cleavage 
filanes  cannot  always  be  observed,  and  when  present  are  never 
ustrous. 

On  either  side  of  Dun  Ruaige  the  epidotic  grits  have  been 
thrown  into  small  fdhls  with  axial  planes  that'^hade  to  south- 
east. In  many  places  these  strata  have  also  been  foliated 
parallel  to  the  axial  planes  of  the  plication.  They  must  lie 
considerably  above  the  axial  plane  of  the  great  inveraion.  The 
small  folds  may  have  been  produced  during  the  thrusting 
forward  of  the  mylonised  rock  of  Dun  Ruaige.  In  some  places 
the  beds  have  been  folded  by  folds  with  steep  pitch  after  they 
were  already  foliated.  5Iany  of  the  clastic  grains  or  pebbles  in 
the  epidotic  grits  are  so  large  that  any  deformation  in  them  is 
readily  perceived.  Near  the  line  of  section,  and  all  the  way 
between  Dun  Ruaige  and  a  point  about  three-quarters  of  a  mile 
"W.S.W.  from  the  foot  of  Allt  Thuill,  deformation  of  these  con- 
stituents is  very  evident,  the  long  axes  of  the  grains  being 
parallel  to  each  other  and  often  three  or  four  times  as  long  as  the 
other  axes.  The  foliation-planes  along  which  the  elongation 
occurs  sometimes  crais  the  I)eddiDg  at  considerable  angles,  so 
that  the  pebblee  are  now  inclined  steeply  to  the  planes  on  which 
they  were  originally  deposited. 

The  Torridonian  beds  are  overlain  at  Dun  Ruaige  by  a  patch 
of  mylonised  rock  which  has  probably  been  thrust  over  tliem, 
and  which  may  have  been  formed  from  Lewisian  gneiss.  The 
oncoming  of  the  Moine-schtsts  and  the  Lewisian  gneisses 
associated  with  them  is  concealed  under  the  Sound  of  Skye. 
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These  rocks,  however,  are  probably  separated  from  the  rock  of 
Dun  Buaige  by  the  Moine  thrust,  although  along  the  line  of 
section  this  thrust  is  perhaps  itself  hidden  by  a  fault  with  a 
large  south-easterly  downthrow.  The  mylonised  rock  of  Dun 
Ruaige  only  extends  along  the  coast  for  250  yards,  with  a 
breadth  of  not  more  than  70  or  80  yards.  It  is  in 
a  very  different  state  from  the  epidotic  grits  near  it. 
Though  these  grits  have  been  much  deformed,  and  partly 
recrystallised,  their  original  bedding  remains  always  distinct. 
In  the  Dun  rock,  on  the  other  hand,  no  original  banding  can  be 
recognised,  and  stretching  is  much  more  prominently  shown  than 
in  any  of  the  Torridon  rocks.  If  the  positions  of  the  grit  and 
the  mylonised  rock  were  supposed  to  be  reversed,  and  if  before 
reversal  the  grit  lay  unconformably  upon  the  other  rock,  it  would 
be  necessary  to  suppose  that  other  rock  to  have  been  already 
in  a  mylonised  condition  before  the  deposition  of  the  grit.  It 
seems  more  probable  that  between  the  grit  and  the  Dun  rock  the 
plane  of  some  great  thrust  must  intervene.  The  Dun  rock  is 
for  the  most  part  a  line  flaggy  greenish-grey  rock,  with  a  sericitic 
or  chloritic  lustre  on  the  parallel  splitting  planes.  It  contains 
many  thin  folded  reddish  veins  of  quartz  and  felspar,  some  of 
which  are  unsheared,  while  others  have  undergone  the  same 
mylonising  as  the  rest  of  the  rock.  Many  of  the  folds  have 
closely  appressed  limbs,  and  axial  planes  inclining  gently  to 
£.S.£j. 

The  fault  which  is  believed  to  bring  on  at  this  part  of  the 
Skye  coast  the  Moine-schist  and  the  Lewisian  gneiss  associated 
with  it,  runs  in  a  north-easterly  direction  with  a  hade  and  down- 
throw to  south-east,  ana  is  seen  on  the  north  side  of  Glenelg  Bay, 
where  it  has  effected  a  surface  displacement  of  a  mile  in  one  of 
the  boundary  lines  between  the  schist  and  the  gneiss.  Along  the 
line  of  section  the  first  rocks  met  with  on  the  south-eastern  shore  of 
the  Sound  of  Skye  are  granulitic  Moine-schists  (M)  of  a  siliceous 
type.  Further  to  the  south-east  these  schists  pass  under  a  band, 
twenty  to  thirty  feet  thick,  of  gametiferous  micar schist,  which 
in  turn  is  succeeded  on  the  south-east  by  a  coarsely  granulitic 
biotite  gneiss.  The  superposition  of  the  gneiss  over  the  Moine- 
schist  in  this  section  is  no  doubt  due  to  folding  and 
cannot  be  taken  to  indicate  the  original  relations  of  these 
rocks.  In  many  adjacent  places  the  gneiss  dips  below  the  Moine- 
schist. 

Another  section  taken  along  a  line  three  miles  to  the  south- 
west of  that  described  is  given  in  Fig.  60.  Here  all  the 
sedimentary  rocks,  except  those  at  the  base  of  the  Mesozoic 
formations  (/),  which  appear  at  the  north-west  end  of  the  section 
around  Skulamus,  are  Torridonian.  They  include  the  Apple- 
cross  arkoses  (Bb),  Kinloch  beds  (Ba*),  Beinn  na  Seamraig 
grits  (Ba8),  Loch  na  Dal  beds  (Ba^),  and  epidotic  grits  (Ba^). 
All  these  strata  form  part  of  the  great  thrust  mass  already 
described;  but,  except  near  the  south-eastern  end  of  the 
section,  they  have  retained  their  original  order,  the  younger  beds 
n3 
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dipping  over  the  older  in  a  north- 
westerly direction  at  angles  of  between 
30°  and  50°.  The  last  of  the  {,'reat 
Loch  Alsh  invergion  is  perhaps  iiidi- 
catefl  along  the  south-east  Sank  of 
Beinn  Seamraig.  A  little  Bouth- 
«est  of  the  line  of  section  the  sandy 
shales  of  the  Kinloch  Biib-diviBion  are 
excellently  exposed,  but  show  no 
cleavage.  Further  soatheast  some  of 
the  Beinn  na  Seamraig  bede  are  crossed 
by  cleavage  planes  dipping  to  south- 
east or  E.S.E.,  between  48°  and  &h°. 

Along  certain  lines  a  little  north- 
west of  Beinn  na  Seamraig  the  grits 
have  been  ci-ushed,  probably  by  thniete, 
into  finely -laminated  halleflinta-like 
rocks.  Two  of  these  lines  (tt)  are 
indicated  in  the  section,  but  how  far 
E  .a  -^  they  alter  the  position  of  the  rocks  is 
J  H  not  known.  The  Loch  na  Dal  beds 
«  ,-  ^  and  tho  epidotic  grits  at  the  south-east 
a  Hi!,  end  of  the  section  are  ranch  folded  and 
■5  '-'  altered,  and  probably  lie  near  the  axial 
*  ^  plane  of  the  large  fold  shown  in  Fig. 
i  i'i  59,  and  not  far  below  some  other  higher 
I  H^  dislocations,  including  the  Moiue 
g  „Q  thrust.  On  the  coast  their  parallel 
S      o  splitting  planes   are  slightly  lustrons, 

"o  I  ^  but  not  BO  much  so  as  near  Dan  Ruaige 
m  .=  I  and  Kyle  Rhea.  Tlie  pebbles  and 
%  J  Eh  clastic  grains  in  the  grits  are  con- 
°       .^     spicuously  elongated,   and    where   the 

1  ^  planes  on  which  the  grains  are  observed 
•^  ,     dip  south-east  the  direction  of  elonga- 

S         a"     tion  is  generally  nearly  east  and  west. 

g  .  S;  The  chief  folds  in  these  altered  rocks 
'f  ¥  S  ^^'  ^^  ^^^  north-west  side,  a  rather 
^      a  I      wide   and    gentle   anticline,   with   the 

,     3-2,  limbs  dipping   in  opposit©  directions, 

2  %^  and  on  the  south-east  side  an  isoclinal 
w  .  syncline,  with  both  limbs  dipping 
.^  H  Bouth-eaBt. 

O  The  next  section  (Fig,  61)  drawn  at 

-q         a  distance  of  three  miles  from  the  last 

3         across  Sti-ath  and  Sleat,  so  as  to  take 

id'        in  one  of  the  chief  areas  of  Cambrian 

strata  in  Skye,  shows  the  reality  of  the 

[g  displacement  ofall  the Torridonian  rocks 

of  this  region.   Its  most  striking  feature 

is  the  appearance  of  a  mass  of  Gva~ 
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brian  limestone  (Ce  and  Ce  VI.)  emerging  from  beneath  the  1 
Apiilecrass  grits  (Bb).  which  have  been  pusued  forward  along  a 
major  thrust-plane.  This  plane  can  best  be  seen  near  Ben 
Suardal,  where  it  has  been  folded  into  an  anticline  with  an  axial 
plane  striking  to  N.N.1'1.  and  hading  to  south-east.  It  may  be  J 
c/invenieotty  called  the  Ben  Suardal  thrust.*  In  Allt  Beinn 
Deirge,  nearly  a  mite  north-west  from  Ben  Suardal,  a  small 
patch  of  Applecross  grit,  surmounted  by  the  uneonformable  basal 
quartzite,  is  seen  to  rest  almost  horisiontally  on  Cambrian  lime- 
stone, the  same  thrust-plane  intervening  between  the  two  rooks. 
■This  thiust-plane  is  also  i-ecognisable  on  the  sonth-eastem  slopes 
of  Creag  Strollamus,  about  two  miles  and  a  quarter  slightly  west 
of  north  of  the  place  where  the  line  of  section  crosses  Allt 
Beinn  Deirge,  bo  that  in  this  district  the  breadth  of  the  belt 
of  Post-Cambrian  complication  must  be  at  least  nine  miles  and 
a  half. 

The  Cambrian  limestones  are  sharply  folded  and  crossed  by    | 
minor  thrast   tines,   and  they   pi-obably   all   lie   on   some   great 
thrust-plane  not  exposed  at  the  Burface.      Most  of  the   rocks    | 
between  them  and  the  Moine  thrust  at  the  east  end  of  the  Mection    j 
are  Torridonian.     But  among  them  lies  a  sTnclinal   basin  of 
Mesozoic  rocks  (_/"/,  left  blank  in   Fig,  61),  which  were  deposited 
long  after  the  thrust-movements  had  ceased-       East  of  Allt  a' 
Mhuilinn  the  Ben  Suardal  thrust  is  hidden  beneath  Applecrosa 
grits,  and  never  reappears  further  eastward  along  the  line  of 
section.     Unless  it  should  crop  up  beneath  the  Mesozoic  basin —    ' 
which  seems  hardly  likely — it  must  underlie  all  the  Torridoniaa 
beds  in  the  st-rlinn.      It  mLiy  po.'.sibly  \w  a  contiiiu.-ition  nf  the 
folded  thrust  of  Ugiath-bheinn  Tokavaig  (.t'iga.  B2  and  64),     A 
fold  which  affected  the  Ben  Suardal  thrust  also  bent  the  Mesozoic 
beds  which  circle  round  the  north  end  of  this  hill.     The  whole  of 
the  folding  exhibited  by  the  thnist  may  not  he  so  late  as  these 
beds,  but  most  of  it  must  be,  for  the  beds  in  each  limb  of  the 
anticline  dip  almost  the  same  as  the  thrust. 

The  calcareous  rocks  under  the  Ben  Suardal  thrust  comprise 
the  Ben  Suardal,  Strath  Suardal,  and  Beinn  an  Dubhaich  zones. 
In  many  places  the  rocks  are  saccharoidal,  and  crowded  with 
needles  of  tremolite  and  prisms  of  malacolite  developed  by  con- 
tact metamorphism  near  the  large  Tertiary  igneous  masses.  The 
Ben  Suardal  thrust-plane  and  the  overlying  Applecross  grits  are 
never  isocliually  folded,  but  the  limestones  often  are,  and  thev 
must  have  been  folded  either  before,  or  at  the  same  time  as,  the 
Torridon  rocks  were  being  thrust  over  them.  The  later  move- 
ment which  folded  the  thrust-plane  must,  however,  have  also 
bent  the  axial  planes  of  the  isoclinal  folds.  Various  thrust-like 
lines  have  been  noticed  in  the  limestone,  and  two  of  them  are 
shown  in  the  section  to  the  north-west  of  Allt  a'  Mhuilinn.     In 

*The  disturbed  condition  ot  the  beds  on  Ben  Suardal  waa  described  by  Sir 
A.  Gaikie  {"On  the  Ago  of  the  Altered  Limestones  of  Strath,  Skyc," 
Quart.  Jour.  Oeol.  Sm.,  1888,  vol.  xliv.,  ji.  70),  He  inferred  that  the  whole 
of  the  limestone  on  this  hill  has  been  pushed  westward. 
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a  few  places  the  cherts  and  fossils  in  the  Ben  Suardal  limestone 
have  been  considerably  deformed.  On  the  north-west  side  of 
Loch  Lonachan,  about  700  yards  S.S.W.  of  the  outlet,  the  small 
black  cherts  have  been  broken  and  dragged  into  trains  of  small 
granules  in  a  north-west  direction,  at  right  angles  to  the  strike, 
and  some  of  the  fossil  Maclurea  have  been  elongated  in  the  same 
direction. 

That  the  inclination  of  some  parts  of  the  north-west  limb  of 
the  Ben  Suardal  thrust-iDlane  must  be  rather  steep  is  indicated 
near  a  limestone  scar  which  faces  westward  on  the  east  side  of 
the  thin  patch  of  Applecross  grit  on  the  western  slope  of  Ben 
Suardal.  The  inclination  of  the  thrust-plane  must  here  be 
steeper  than  the  face  of  the  scar.  The  south-east  limb  is  broken 
in  places  by  a  fault,  or  several  parallel  faults,  with  a  downthrow 
towards  south-east.  Crush-breccias  appear  along  the  later 
faults,  often  with  a  breadth  of  several  feet  and  nearly  vertical, 
whereas  along  the  thrust-plane  no  such  rock  exists  nor  any 
marked  sign  of  disturbance.  The  Applecross  grits  above  the 
thrust  appear  to  be  remarkably  little  disturbed.  The  bedding  is, 
however,  less  distinct,  and  joints  are  more  abundant  than  in  most 
unthrust  rocks.  There  is  sometimes,  also,  a  slight  brecciation 
and  alteration  of  colour,  from  red  to  pale  buff,  for  a  little  distance 
above  the  thrust. 

From  the  evidence  supplied  by  the  exposures  near  Creag 
StroUamus,  it  is  probable  that  Applecross  grits  in  a  thrust  con- 
dition overlie  high  zones  of  the  Cambrian  limestone  for  a 
distance  from  E.S.E.  to  W.N.W.  of  at  least  three  miles,  and  that 
the  grits  near  this  Creag  have  been  thrust  at  least  as  far  as  the 
sum  of  this  distance  and  the  distance  required  to  get  in  the 
strata  which  in  the  undisturbed  sequence  come  between  these 
grits  and  the  most  south-easterly  portion  of  the  limestone 
exposed  beneath  the  thrust-plane.  These  strata  include  some 
portion,  but  perhaps  not  much,  of  the  Applecross  grits,  all  the 
quartzite,  fucoid-beds,  and  serpulite-grit,  and  four  or  five  of  the 
lowest  divisions  of  the  limestone.  If  these  members  of  the 
Cambrian  series  succeed  each  other  in  their  normal  order  to  the 
south-east  of  the  limestone,  and  have  the  same  dip  as  at  Ord  in 
Sleat,  then  the  movement  along  the  thrust-plane  cannot  have 
been  less  than  three  miles  and  tnree-quarters,  but  it  may,  how- 
ever, have  been  much  more. 

South-east  of  the  tract  of  Mesozoic  rocks  the  Applecross  grits 
(Bb)  emerge  at  the  surface  with  a  north-westerly  inclination  of 
25°  to  50°,  followed  by  the  underlying  Kinloch  shales  (Ba*), 
which  continue  for  two  miles  as  a  belt  which  owes  ita  breadth 
chiefly  to  the  gentle  dip  which  occasionally  prevails,  and  to  local 
folding.  Although  towards  the  south-east  these  shales  are  more 
steeply  inclined  and  are  sometimes  vertical  or  even  reversed, 
none  of  them  are  appreciably  altered,  nor  do  they  usually  show 
any  cleavage.  They  are  succeeded  by  the  Beinn  na  Seamraig 
grits  (Ba^)  and  the  Loch  na  Dal  shales  (Ba^),  but  before  the 
base  of  these  shales  is  reached  a  line  of  crush,  running  north- 
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east  and  hading  towards  south-east,  brings  ou  the  Moiue-schist 
(M).  The  inclination  of  this  crush  is  here  steeper  than  that  usuaily 
presented  by  the  Moine-thmat.  but  it  dwreases  in  a  south- 
westerly direction.  The  band  of  Moiue-schist  next  the  Torridon 
rocks  thins  out  in  the  same  direction,  and  its  place  is  taken  by 
the  Lewisiau  gneisses  and  hornblende- schists. 

In  AUt  Duisdale  a  sheet  of  red  lamprophTre  has  been  injected 
along  the  Moine-thrust.  Since  parts  of  it  have  been  crushed 
into  a  stiff  grey  crush-clay,  there  appears  to  be  evidence  here  of 
at  least  two  periods  of  movement  along  the  thrust — one  that  gave 
rise  to  the  line  of  fracture  along  which  the  laniprophyre  was 
intruded,  and  another  of  later  date  which  crushed  the 
laniprophyre.  In  the  gneiss  above  the  thrust -plane  other 
crusnes  appear  parallel  to  the  main  thrust,  and  the  earlier 
crystalline  structure  of  the  gneiss  has  been  partly  broken  down. 
A  little  further  south-west,  across  a  large  fault,  a  band  of  siliceous 
Moine-schist  lying  just  above  the  thrust-plane  has  likewise  had  h 
its  earlier  crystalline  structure  broken  in  places.  ^| 

A  good  junction   between  the  Moine-schists  and  the  gneiss    ^| 

t  rocks  may  be  seen  on  the  shore  in  the  south-eastern  part  of  Camas  ^| 
Croise.  Although  no  signs  of  unconformity  are  there  visible,  ^| 
yet  in  the  adjacent  area  bands  in  the  gneiss  strike  at  a  gentle  ^| 
angle  against  the  junction,  and  in  different  places  vary  in  H 
distance  from  it.  ^H 

In  the  section  drawn  in  Fig.  *ia  two  major  thrust-planea  are    ^H 
shown  to  have  been  folded  into  anticlines,  the  axes  of  which    ^H 
strike  N.N.E.     The  higher  of  the  two  is  well  seen  a  little  south    ^| 
of  the  line  of  section  on  the  west  side  of  Sgiath-bheinn  Tokavaig, 
and  may  be  called  the  Sgiath-bheinn  Tokavaig  thrust.       The 
lower  line  of  dislocation,  which  is  nearly  always  distinct,  may 
he  named  after  Sgiath-bheinn  an  TTird,  a  hill  ctnuposed  of  roclu 
that  lie  beneath  it. 

These  two  thrusts  and  the  rock-masses  below  are  exposed  on 
the  south-western  or  upthrow  side  of  a  large  fault  which  fuhb  in 
a  N.N.W.  direction  from  Ob  Snusaich,  in  the  Sound  of  Skye, 
past  the  west  side  of  Ben  Yokie,  and  through  Loch  Em  Eilean. 
Ou  the  north-west  side  of  Loch  Eishort  this  fault  has  thrown 
down  the  conglomerates  at  the  base  of  the  Mesozoic  rocks  in  a 
north-easterly  direction  between  500  and  600  feet,  and  to  the 
south-eaat  of  the  loch  it  has  depressed  the  older  rocks  in  the 
same  direction.  Hence  neither  of  the  thrust-planes  can  be  seen 
in  that  part  of  Skye  which  lies  to  the  north-east  of  the  fault 
between  Loch  an  Eilean  and  Ob  Snusaich.  As  already  stated, 
the  Cambrian  limestones  in  Ben  Suardal  also  underlie  a  great 
folded  Uirust-plane,  which  may  possibly  be  a  continuation  of 
that  on  Sgiath-bheinn  Tokavaig,  but  it  has  been  folded  along  an 
axis  which  lies  two  or  three  miles  further  to  the  north-weat. 

Along  the  line  followed  by  this  section  all  the  rocks  exposed 
beneath  the  Sgiath-bheinn  an  Uird  thrust  are  Cambrian,  nut  a 
little  further  south  Torridon  rocks  are  also  visible,  sometimes  in 
a  reversed  position  above  the  quartzite.     More  than  h^f  of  the 
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ground  covered  by  Cambrian 
strata  is  occupied  by  the  quart- 
zite,  which  has  been  thrown 
into  folds  with  axial  planes 
hading  to  the  south-east.  The 
top  of  the  quartzite  (Cb)  gener- 
ally dips  steeply  towards 
W.N.W.  under  the  fucoid- 
shales  (Cc),  followed  by  the 
B'^rpnlite-grit  (Cd)  and  the 
Ghrudaidh  limestone  (Ce  I). 
The  grit  is  repeated  by  a  nearly 
vertical  thrust,  and  most  of  the 
beds  are  inclined  at  high 
angles,  but  they  have  been 
bent  by  minor  folds  with  nearly 
horizontal  axial  planes,  whereby 
the  outcrops  along  the  same 
strike  are  made  to  dip  to- 
wards W.N.W.  or  E.S.E. 
alternately.  West  of  the 
Ghrudaidh  limestone  comes 
the  Eitean  Dubh  sub-division 
(Ce  II.),  succeeded  by  a  small 
portion  of  that  of  Sailmhor 
(Ce  III.). 

It  is  probable  that  originally 
the  Sgiath-bheinn  an  Uird 
thrust-plane  had  a  gentle  in- 
clination towards  the  south- 
east, as  is  the  case  with  so 
many  of  these  thrusts,  and 
that  the  beds  below  it  were 
once  arranged  in  a  set  of  folds 
with  axial  planes  hading  to  the 
south  -  east.  Thereafter  the 
whole  of  the  rocks  below  the 
western  limb  of  the  thruBt,  as 
well  as  this  portion  of  the 
thrust  itself,  may  be  supposed 
to  have  been  bent,  so  as  to  dip 
for  the  most  part  in  an  oppo- 
site direction  to  their  first 
inclination.  Besides  the  minor 
thrust  which  repeats  the  ser- 
pulite-grit  there  may  be  others 
which  are  not  distinct.  A  little 
south  of  the  line  of  section 
other  thmste  do  appear,  some 
of  which  are  of  considerable 
importance,  and  are  indicated 
iu  Fig.  63. 
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llelow  the  Sgiath-bheinu  an  Uird  thrust  the  strata  are  nui 
cleaved,  nor  is  tliere  any  noticeable  tUstoitiou  of  the  pipes  in  the 
pipe-rock.  In  considerable  areas  of  the  quartzite,  however,  the 
bedding  is  obscured  by  joints  and  planes  of  crush  which  present 
no  clear  general  strike-  The  cnislied  surface  of  quartzite  under 
the  aouth-eastem  limb  of  the  thrust-plane  makes  a  conspicuous 
8car  on  the  east  side  of  the  hill.  It  geueially  strikes  to  north  or 
N.N.E.,  and  is  inclined  towards  east  or  E.S.E.  at  angles  of  50° 
or  more,  but  along  the  line  of  section  its  inclination  is  lower 
than  usual.  The  material  that  forma  the  scar  is  often  brecciated 
and  contains  broken  pieces  of  quartzite.  some  of  which  are 
ronnded  and  look  like  pebbles.  A  crushed  face  of  serpulite-gril , 
exposed  just  below  the  north-western  limb  of  the  tbnjst-plane 
raUier  more  than  a  quarter  of  a  mile  south-west  of  the  line  of  ■ 
flection,  inclines  at  50°  in  a  north- westerly  direction.  ■ 

Near  the  north-western  limb  of  this  thrust  various  considerable     ■ 
patches  of  a  curious  siliceous  rock  overlie,  or  crop  out  in,  the       H 
Sailmhor,  Kilean  Dubh,  and  Ghrudaidh  limestones.     Some  parts 
of  this  rock  look  rather  like  portions  of  eerpulite-grit,  though 

kthey  never  contain  clastic  grains.    Other  parts  are  cherty,  though 
some   of   the   lai^est   patches   occur   near   horizons   which   are      W 
normally  almost  free  from  chert.       It  seems  probable  on  the     ■ 
whole  t&at  the  rock  is  a  vein  rock — perhaps  formed  by  solutions     H 
percolating  downwards  from  the  formerly  overlying  thrust-plane.     H 
The  rocKs  that  lie  between  the  two  thrusts  of  S^th-nheinn    ^| 
an  Uird  and  Sgiath-bheinn  Tokavaig  are  chiefly  Torridonlan,     V 
but  in  the  north-western  limb  of  the  anticline  a  strip  of  uncon-     H 
formable  Cambrian  strata  makes  its  appearance.     It  mcludes  all     ^ 
the  groups  between  the  basal  quartzite  (Ca)  and  the  Hailmhor        | 
(Ce  III.j,  or  (perhaps  in  one  place)  the  Sangomore  limestone. 
The  Torridonian  rocks  belong  chiefly  to  the  Appiecross  group 
(Bb),  hut  comprise  also  shales  and  grits  which  may  form  the  top 
of  tne  Einloch  division,  and  which  in  Allt  a'  Chinn  Mhoir  are  a 
good  deal  confused.       The  Appiecross  grits  above  the  north* 
western    limb    of    the     Sgiatb-bheinn     an     Uird     thrust-plane 

fenerally  dip  north-west  at  nearly  the  same  angle  as  that  limb. 
f  this  part  of  the  thrust-plane  were  bent  into  its  probable 
original  position,  so  as  to  incline  gently  to  south-east,  the  over- 
lying grits  and  most  of  the  Cambrian  rocks  which  rest  upon  them 
would  also  he  made  to  incline  gently  south-east. 

A  little  to  the  west  of  the  Hudha  Dubh  Ard  quartzite,  on  the 
shore  south  of  the  line  of  section,  a  nearly  verticd  thrust  repeats 
a  part  of  the  fucoid-shale  and  serpulite-grit,  and  probably 
several  other  more  obscure  thrusts  are  likewise  present  there. 
The  Grudaidh,  Eiieiin  Dubh,  and  part  of  tbe  Sailmbor  lime- 
stone are  well  exposed  in  the  islands  of  Loch  Eishort,  at  the  west 
end  of  the  line  of  section,  generally  striking  slightly  west  of 
north,  hut  varying  continually  in  the  direction  of  their  dip 
owing  to  the  presence  of  some  small  folds  with  nearly  horizontal 
axiaiplanes.  In  the  western  island  tbe  junction  oi  the  Eileaa 
Dubh  and  Sailmhor  limestone  is  repeated  by  a  steep  thrust. 
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The  rocks  that  come  above  the  Sgiath-bheinn  an  Uird  thrust 
have  not  in  most  places  been  so  much  folded  or  crushed  as  those 
underneath,  and,  like  them,  they  are  never  cleaved.  Near  the 
north-western  limb  of  this  folded  thrust-plane  the  Applecross  grits 
are  here  and  there  changed  in  colour  from  red  to  pale-grey,  while 
close  to  the  overlying  Sgiath-bheinn  Tokavaig  tnrust  they  have 
also  in  places  assumed  a  greenish-grey  hue  for  a  few  inches,  or 
are  crossed  by  thin  quartz-veins  without  any  general  direction. 

The  dip  of  the  south-eastern  limb  of  the  anticline  of  the 
Sgiath-bheinn  Tokavaig  thrust-plane  is  E.S.E.  at  32^  or  330. 
The  opposite  limb  is  hidden  under  Loch  Eishort,  but  in  its  course 
northward  from  Ord  Bay  it  must  have  a  direction  slightly  west 
of  north,  for  otherwise  it  would  cross,  or  pass  east  of,  tne  western 
island  shown  in  the  section.  The  rocks  above  the  south-eastern 
limb  of  this  thrust-plane  consist  of  shales  and  fine-grained  grits 
belonging  to  the  Kinloch  division  (Ba^).  Owing  to  their  strong 
lithological  difference  from  the  red  Applecross  grits  (Bb),  which 
on  the  west  side  of  them  lie  below  the  thrust,  the  thrust-plane  is 
here  easily  traced  in  spite  of  some  faults.  Near  it  the  Einloch 
beds  are  much  shattered  and  contorted  along  axial  planes  that 
hade  to  south-east,  but  no  cleavage  is  here  discernible  parallel 
to  these  planes.  A  little  further  south-east,  however,  some 
shales  are  crossed  by  a  cleavage  the  planes  of  which  incline 
slightly  south  of  east  from  50°  to  60°. 

N.W.  SJL. 
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Fig.  63. — Section  across  the  anticline  of  the  Sgiath-bheinn  an  Uird  Thrust- 
plane  from  the  Creek  of  Bagh  an  Dubh  Ard  to  the  Ord  River  near  the 
west  end  of  Coill'  a'  Ghasgain. 

Ba*.  Kinloch  Beds  (TorridonianV         Bb.  Applecross  group. 
Ca.    Basal  Quartzite  (Cambrian).  Co.    Pipe-rock.  Cc.    Fucoid-beds. 

Cd.  Serpulite  Grit.         Ce  I.  Ghrudaidh  group. 
Ce  II.  Eilean  Dubh  group.         D.  Tertiary  Dyke.        T.  ThrusU. 

t.  Minor  thrusts. 

Fig.  63  gives  a  section  across  a  complicated  portion  of  the 
rock-mass  which  underlies  the  Sgiath-bheinn  an  Uird  thrust  a 
little  south  of  the  line  of  section  in  Fig.  62.  The  south-eastern 
portion  of  this  mass  is  a  continuation  of  that  «hown  under  this 
thrust  in  the  last  section.  It  is  separated  from  the  north- 
western portion  by  a  distinct  crush  or  thrust  (T)  which  runs  in 
a  general  north  and  south  direction  ;  the  rocks  on  its  western  side 
being  Applecross  grits  with  some  beds  of  shale  (Bb),  while  those 
on  the  other  side  consist  of  a  broad  exposure  oi  pipe-rock  (Cb). 
This  line  of  rupture  does  not  seem  to  affect  the  rocks  above  the 
Sgiath-bheinn  an  Uird  thrust.       It  twists  more  sharply  than 
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most  uormal  faults  of  later  age  than  the  great  post- Cambrian 
movements.  On  its  north-western  side  the  Appleci-oss  grita  are 
8ucceede<l  by  Cambrian  strata  extending  up  to  the  Eilean  Dubh 
limestone  (Ca  to  Ce  II.),  all  generally  in  a  reversed  position  and 
crossed  by  various  thruste.  The  plane  of  one  of  these  disloca- 
tions, at  the  base  of  the  serpulite-grit,  must  have  been  folded 
before  the  production  of  the  ygiath-bheinu  an  Uird  thrust. 

The  serpulite-grit  on  the  north-west  side  of  the  fucoid-shaie 
forms  part  of  an  anticline  with  its  axial  plane  striking  to  N.N.E. 
and  hading  to  south-east.  In  all  parts  of  this  anticline  the  I>€d« 
which  comprise  the  Ghmdaidh  and  part  of  the  Eilean  Dubh 
limestone,  as  well  as  the  aerpu  lite -grit,  are  reversed.  The 
Ghmdaidh  limestone  is  often  absent  either  wholly  or  partly,  in 
consequence  of  a  minor  thrust  at  the  base  of  the  serpulite-grit, 
which  has  been  folded  together  with  the  grit.  The  beds  at  the 
south-western  apex  of  the  anticline  are  cut  by  a  straight  portion 
of  the  Sgiath-bheinu  an  Uird  thrust-plane,  bo  that  the  anticline 
must  have  been  formed  before  this  plane  was  folded.  Before 
the  later  folding  the  limbs  of  the  anticline  cannot  have  been 
inclined  a»  they  are  now.  and  at  that  time  the  beds  in  the 
south-eastern  hmb  of  the  thrust  were  perhaps  not  reversed. 
Near  the  south-western  apes  of  the  anticline  the  outcrop  of  the 
fucoid-shale  is  so  unusufiJly  narrow  that  perhaps  the  pressure 
below  the  Sgiath-bheinn  an  Uird  thrust  may  have  squeezed  out 
some  of  the  ^hale  from  between  the  more  massive  serpulite-grit 
and  quartzite.  Some  parts  of  the  quartzite  seem  also  to  be 
missing  here.  Along  all  the  exposed  portion  of  the  north- 
western limb  of  this  little  anticline  the  serpulite-grit  is  overlain 
by  the  Tomdonian  (Applecross)  giitu.  About  (iO  vards  north 
from  the  line  of  section  the  crushed  face  of  serpuIite-grit  just 
under  the  Sgiath-bheinn  an  Uird  thrust-plane  inclines  at  42° 
towards  north-west.  The  position  of  the  south-eastem  limb  of 
the  thrust  is  not  quite  clear  in  the  line  of  section,  but  it  must  have 
Applecross  grits  on  both  sides  of  it. 

The  Applecross  grits  above  the  north-western  limb  of  the 
Sgiath-bheinn  an  Uird  thrust  do  not  always  show  any  clear  dip, 
but  to  the  north-east  of  the  line  of  section  they  dip  to  north- 
west at  high  angles.  The  same  rocks  above  the  eastern  limb  of 
the  thrust  generally  dip  to  north-west,  and  are  underlain  by 
shales  which  may  belong  to  the  Kinloch  division. 

The  section  given  in  Fig.  64  is  drawn  along  a  south-easterly 
line  about  a  mile  to  the  south-west  of  the  last.  It  shows  the 
same  anticHnal  folding  of  the  two  thrust-planes  as  in  Fig.  62. 
It  differs  from  that  section  chiefly  in  showing  above  sea-level  the 
western  limb  of  the  Sgiath-bheinn  Tokavaig  thrust-plane  and 
the  overlying  rocks,  and  in  extending  further  to  the  south-east 
BO  as  to  snow  the  position  of  the  Moine  thrust  with  its  Lewisian 
gneiss  which  may  once  have  stretched  westwards  over  all  the 
other  rocks  in  the  section.  The  rocks  indicated  in  the  present 
section  below  the  Sgiath-bheinn  an  Uird  thrust  are  separated 
from  those  shown  in  the  same  position  in  Fig.   62  by  the  near.y 
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vertical  crush  which  in  the  sec- 
tion in  Fig.  63  divides  the  mass 
below  the  thrust  into  two 
nearly  equal  parte.  The  Torri- 
don  SaDdstones  are  a  continu- 
ation of  the  mass  on  the  west 
side  of  the  crush,  and  include 
beds  belonging  both  to  the 
Applecrass  (Bb)  and  the  Kin- 
loch  divisions  (Ba*). 

The  western  limb  of  the 
Sgiath-bheinn  an  Uird  thrust 
is  sometimes  reversed,  with  an 
inclination  of  70°  or  80°  to 
E.S.E.  The  beds  on  the 
western  side  of  this  limb  must 
have  been  pushed  over  those 
on  the  east  side,  for  the  out- 
crop of  the  thrust  can  be 
traced  all  round  the  south-west 
apex  of  the  anticline.  At  this 
apex  the  crushed  surface  of 
quartzite  which  marks  the 
thruBtplane  is  generally  in- 
clined southward  at  angles 
between  26°  and  30°,  while 
two  or  three  hundred  yards 
further  north  -  east  similar 
crushed  surfaces  along  the 
south-eastern  limb  of  the 
thrust  dip  towards  south-east 
at  60°  or  70".  The  portion  of 
this  limb  which  has  Torridon 
rocks  on  either  side  of  it  is 
not  so  easily  traced  as  the 
other,  for  the  ApplecrOBS  grits 
(Bb)  which  overlie  the  thmst 
include  some  shale-bands  like 
those  in  the  Kinloch  division 
below  (Ba*). 

The  north-western  limb  of 
the  Sgiath-bheinn  Tokavaig 
thrust  is  well  exposed  in  a 
little  burn  a  third  of  a  mile 
E.S.E.  from  Sron  Daraich, 
where  it  is  inclined  at  50°  in 
a  direction  slightly  north  of 
west.  Abont  1000  yarda 
south  of  Sron  Daraich  the 
inclinatioa  is  65°  in  an 
G.  S.  E.  direction.  At,  and 
near,    the    top  of    the   wood 
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haif  a  mile  S.S.E.  from  Sron  Uaraich  a  siliceous  bi-eccia, 
ttt  lejist  ten  feet  thick,  appears  along  the  Sgiath-bheinn 
Tokavdig  thrust,  ami  covers  several  acres.  Ite  matrix  is  hard, 
fine-grained,  and  contains  drusy  cavities.  The  fragments 
enclosed  in  the  matrix  are  all  an^Iar.  and  iu  some  exposures 
arc  nearly  all  of  a  cherly  rock,  iu  general  finely-banded,  and 
buff  or  pale-red  in  colour. "  Some  are  opalescent  or  dark-bi-own  or 
almost  black.  The  cherty  pieces  are  often  packed  tijfhlly 
together,  and  among  them  are  cracked  masses  of  banded  chert, 
some  of  which  are  a  yard  long.  Where  the  breccia  overlies  the 
quart/ite  and  is  seen  lying  along  the  thnist-plane  the  colour  of 
Uie  matrix  is  pale-grey,  and  the  included  pieces  are  then  chiefly 
of  quartzite.  This  breccia  has  obviously  been  produced  by 
friction  along  the  thrust.  It  includes,  however,  uo  pieces  of 
Torridonian  rocks,  though  a  mass  of  such  rocks  occurs  on  the  west 
side  of  the  thrust,  and  no  doubt  once  overlay  the  breccia. 
Included  pieces  of  limeatone  are  also  absent,  and  the  matrix  is 
never  calcareous,  thoiieh  it  contains  many  pieces  of  cherty  rock 
that  might  be  supposed  to  have  been  derived  from  beds  of  lime- 
stone. The  limestone  which  underlies  a  portion  of  the  breccia 
belongs  partly  to  the  Qhrudaidh  zone  (in  which  there  is  very 
little  chert),  partly  to  the  tower  part  of  the  Eilean  Duba 
division,  in  which  chert  is  abundant,  though  rarely  occurring 
there  in  such  thick  pieces  as  some  of  those  in  the  breccia.  The 
cherty  rock  might  be  supposed  to  have  been  dragged  along  from 
distant  limestone  areas  now  buried  under  the  thrust,  but  this 
supposition  would  still  leave  unexplained  the  absence  of  lime- 
stone fragments.  Perhaps  the  cherty  rock  may  belong  to  some 
vein-stuff  formed  along  the  thrust  and  then  broken  up  by 
renewed  movement. 

The  south-eastern  limb  of  the  Rgiath-bheinn  Tokavaig  thrust- 
plane  is  tolerably  distinct  on  the  west  side  of  Loch  Doir"  an  Eicb, 
where  at  one  place  near  the  north  end  of  the  loch  a  crushed 
surface  of  Applecross  grit  just  below  the  plane  dips  E.S.E.  at 
about  40°,  and  the  colour  of  the  rocks  has  been  cnanged  from 
red  to  grey.  The  beds  exposed  along  the  section  in  Fig.  64 
above  the  west  limb  of  this  thrust  consist  of  Applecross  grits 
and  basal  quartzite,  but  in  an  inverted  position.  The  quartzite 
can  be  traced  along  the  coast  from  Ord  Bay  to  Dun  Scaich,  a 
distance  of  nearly  a  mile  and  a  half,  always  dipping  below  the 
grit,  sometimes  at  as  low  an  angle  as  28°.  The  strata  continue 
ill  this  relative  position  far  south  of  the  line  of  section.  When 
the  quartzite  comes  near  the  Sgiath-bheinn  Tokavaig  thrust  on  the 
south  side  of  Ord  Bay  it  bends  and  assumes  a  south-easterly  strike, 
but  still  dips  below  the  Appleorosr^  grits.  The  outerops  of  many 
of  the  more  prominent  bands  of  grit  in  the  inverted  upper  portion 
of  the  Einloch  sub-division  have  been  mapped,  and  tney  also  are 
found  to  take  a  similar  south-easterly  strike  as  they  approach  the 
thrust.  All  the  strata,  therefore,  between  the  qnartzite  and 
these  Einloch  grits  form  parts  of  a  syncline,  in  which  their 
normal  position  is  inverted.     They  not  improbably  once  formed 
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the  under  limb  of  a  great  isocline 
with  both  limbs  dipping  towards 
south-east.  When  the  Sgiath- 
bheinn  Tokavaig  thrust  was  arched 
into  an  anticline  the  under  limb  of 
this  supposed  isocline  may  have 
been  folded  and  inclined  towards 
south-west  near  the  thrust.  That 
the  strata  beyond  the  western  limb 
of  the  thrust  had  already  been  in- 
verted before  Mesozoic  time  is 
proved  by  the  occurrence  of  an  out- 
lier of  the  basal  conglomerate  of  the 
Mesozoic  series  resting  on  the  re- 
versed beds  near  Tarskavaig.  But 
these  reversed  beds  may  not  have 
already  received  the  tilt  which 
caused  them  to  dip  towards  south- 
west near  the  thrust.  It  is,  there- 
fore, not  impossible  that  the  fold 
which  affects  this  thrust  may  be  of 
Mesozoic  or  even  later  age. 

The  rocks  above  the  south-eastern 
limb  of  the  Sgiath-bheinn  Tokavaig 
thrust  consist  of  shales  and  grits 
like  those  of  the  Kinloch  division, 
but  they  vary  a  good  deal  in  strike 
and  dip,  and  contain  no  bands 
which  can  be  traced  so  as  to  show 
the  physical  structure  of  the  ground. 
The  intrusions  shown  in  the  section 
are  all  basaltic  dykes  which  have 
directions  not  much  different  from 
that  of  the  section  itself.  The  on- 
coming of  the  Moine  thrust-plane 
with  its  overlying  gneisses  is  shown 
at  the  eastern  end  of  the  section 
above  the  hollow  of  Loch  Mhic 
Charmhicheil. 

In  the  next  section  (Fig.  65), 
drawn  along  a  line  about  four  miles 
to  the  south-west  of  that  shovm  in 
Fig.  64,  a  different  series  of  rocks 
is  represented,  together  with  an- 
other type  of  tectonic  arrangement. 
The  most  striking  feature  in  this 
line  of  traverse  is  the  appearance  of 
another  major  thrust  which  has 
carried  forward  a  series  of  rocks  un- 
like  any  that  lie  to  the  north  of 
them.  Above  this  important  line  of 
dislocation,  whiqh  has  been  name4 
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tte  Tarakavaig  thrust,  lies  a  series  of  sheared  rocka  undoabtedly 
belonging  to  the  Lewisian  pneiss;    likewise  a  mass  of  altered 
sedtmenti — the  Tarskavaig-Moine  schists  (M') — in  a  much  more 
altered    condition    than    the    adjacent    Torridonian    materials. 
These  schists  represent  what  were  originally  false-bedded  grits 
and   sandy   and    grit^   shales.       They   must   have    had    some 
resemblance   to   the   Diabaig   sub-division   of   the   Toiridoniaa  ^m 
series,  but  they  do  not  exactly  match  any  members  of  that  sub-  ^H 
division  yet  found  in  Skye  or  elsewhere.     No  conglomerates  lis  ^1 
between  them  and  the  gneiss  such  aa  usually  occur  at  the  base  of     • 
the  Diabaig  series.     If  they  represent  an  altered  Torridonian 
formation  they  must  have  been  pushed  from  an  area  in  which 
the    conditions    of    deposition    somewhat    differed    from    those 
indicated  by  the  known  Torridonian  groups  elsewhere,  and  in 
which  also  the  rocks  were  more  altered  than  further  to  the  north- 
west.    The  Tarskavaig-Moine  schists  are  less  altered  than  the 
Moine-schists  on  the  east  side  of  the  Maine  thrust,  but  in  their 
relations  to  the  Lewisian  gneiss  theae  two  sets  of  schists  closely 
resemble  one  another.     Originally  they  probably  had  much  the 
same  lithological  characters  and  strati graphicaJ   sequence,   the   ^^ 
altered  shales  occurring  chiefly  near  the  gneiss  rocks  and  the  ^H 
more  siliceous  rocks  further  away.  ^H 

The  mass  of  gneiss  and  schist  on  the  Tarskavaig  thrust  wai  ^H 
one«  pushed  over  the  southerly  continuation  of  the  Torridonian  '^ 
and  Cambrian  rocks  in  Fig.  64,  but  it  has  been  folded  into  a 
syncline  with  an  axis  striking  N,N,E,  and  with  its  eastern  limb 
often  inverted,  so  that  it  sometimes  dips  below  the  Torridonian 
rocks.  This  axis  is  nearlv  parallel  to.  but  about  a  mile  west  of, 
that  of  the  anticline  of  the  Sjjiath-bheinn  an  Fird  and  Sgiath- 
bheinn  Tokavaig  thrusts,  and  is  a  continuation  of  the  axis  of  the 
syncline  of  inverted  strata  between  the  western  limb  of  the  last- 
named  thrust  and  the  shore. 

The  line  of  section  now  to  be  considered  crosses  a  considerable 
part  of  the  Torridou  area  in  a  nearly  easterly  direction,  almost 
parallel  to  the  local  strike  and  the  south  end  of  the  folded  Sgiatb- 
bheinn  Tokavaig  thrust.  The  strata  exposed  belong  partly  to 
the  Beinn  na  Seamraig  grits  (Ba^)  and  partly  to  the  abaly  Kinloch 
division.  The  Beinn  na  Seamraig  grits  form  three  separate 
patches  which,  a  little  south  of  the  section,  near  the  bum  in 
Ghlinne  Mheadhonnaich,  unite  and  form  part«  of  one  exposure 
which  extends  south-eastward  to  the  Moine  thrust.  In  the 
middle  and  eastern  patches,  and  in  the  parts  which  occur  between 
them  further  south,  the  Beinn  na  Seamraig  grits  are  inverted  so 
as  to  lie  above  the  Kinloch  beds,  but  in  the  western  P&tch  they 
dip  below  these  beds  as  if  in  their  original  order.  This  latter 
patch,  however,  lies  close  to  the  eastern  limb  of  the  Tarskavaig 
thrust — a  limb  which,  though  inclined  in  the  same  direction  as 
it  probably  was  originally,  has  yet  been  bent  completely  over,  so 
that  the  Torridou  beds  which  lay  under  now  lie  over  the  thrust. 
The  eastern  boundary  of  the  west  patch  of  grit  may  possibly  have 
been  bent  ov$r  at  the  same  time  with  the  thnist  at  the  western 
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boundary,  and  perhaps  before  the  eastern  limb  of  the  Tarskavaig 
thrust  was  reversed  the  beds  in  the  west  grit-patch  were  already 
in  an  inverted  position,  like  those  in  the  middle  and  eastern 
patches.  It  may  be  allowable  to  suppose  that  near  the  line  of 
section  the  Tomdon  beds  were  first  folded  into  a  great  isocline 
with  its  axial  plane  striking  towards  N.N.E.  and  hading  towards 
E.S.E.,  and  that  the  Beinn  na  Seamraig  grits  and  Kinloch  beds 
now  exposed  formed  part  of  the  reversed  limb  of  this  isocline. 
A  subsequent  plication  may  have  folded  the  axial  plane  and  also 
the  Tarsjtavaig  thrust. 

No  cleavage  has  been  detected  in  any  of  the  Torridon  beds  in 
this  section,  but  the  surfaces  of  the  shales  have  often  a  glazed 
appearance  like  that  often  to  be  seen  in  Carboniferous  shales  in 
the  neighbourhood  of  faults.       At  various  places  along  the 

{portion  of  the  Tarskavaig  thrust  which  outcrops  north  of  the 
ine  of  section  thin  bands  of  streaky  crush-rock  appear,  which 
have  perhaps  been  made  out  of  the  underlying  Kinloch  beds.  In  the 
north-east  Dank  of  Gillean  Burn,  nearly  three-quarters  of  a  mile 
west  of  Loch  Dhugaill,  a  dark-grey  shaly  rock  contains  oval  bits 
of  grit,  from  the  size  of  a  pea  to  that  of  a  duck's  egg,  which  are 
swathed  round  by  the  streaky  lamina)  of  the  matrix. 

The  Tarkavaig  thrust-plane,  where  exposed  both  at  the  north 
end  of  the  syncline  and  also  in  many  places  in  the  western  limb, 
overlies  Kinloch  beds  and  is  there  inclined  at  gentle  angles.  The 
eastern  limb  is  not  often  visible.  Near  the  south  side  of 
Gillean  Bum  it  is  nearly  vertical,  and  further  east  is  often 
reversed.  A  quarter  of  a  mile  south  of  the  place  where  it  is  cut 
by  the  line  of  section  it  inclines  to  the  east  at  about  55^. 

The  rock-mass  whence  the  materials  that  overlie  this  thrust 
were  driven  seems  to  have  most  readily  broken  either  within,  or 
just  at  the  top  of,  the  Lewisian  gneiss.  In  nearly  all  the  best 
sections  of  the  thrust- plane  some  of  the  gneiss  rock,  even  if  only 
a  few  inches,  may  be  seen  still  lying  upon  it.  When  the  thrust 
took  place  the  gneiss  was  probably  already  in  a  soft  granulitic 
and  sheared  condition,  much  as  it  is  now,  and  formed  part  of  a 
belt  of  weakness  alone  which  the  displacement  proceeded.  That 
both  the  gneiss  and  the  schists  had  been  granulitised  before  the 
thrust  took  place  may  be  inferred  from  the  numerous  small  folds 
which  are  seen  in  them,  and  which  do  not  fold  the  thrust.  Many 
of  these  folds  are  isoclinal,  and  are  crossed  by  foliation-planes 
parallel  to  the  axial-planes.  Near  the  north-west  end  of  the 
section  this  foliation  dips  towards  east  or  south-east  at  from 
30^  to  50°,  and  the  thrust  is  inclined  towards  the  south-east, 
probably  nearly  as  it  was  originally,  so  that  the  dip  of  the 
axial  planes  of  fold  in  the  rocks  above  the  thrust  may  also  be 
nearly  the  same  as  it  was  originally.  If  this  supposition  be 
correct,  the  force  which  produced  these  folds  must  have  pro- 
ceeded from  above  from  a  south-easterly  direction — ^the  same 
direction  as  the  force  which  subsequently  thrust  the  schists 


forward  and  afterwards  folded  the  thrust-plane. 
In  th^  eastern  limb  of  the  syncline  the  width  of 


the  gneis9 
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outcrop  is  generally  considerably  more  than  in  the  western,  but 
the  gneia?)  rocks  often  cannot  be  easily  separated  from  the  altered 
fledimcnl^.  both  having  been  intensely  sheared  along  parallel 
plnni-»,  and  perhaps  also  mixed  in  thin  stiipes  in  places.  The 
piiyllile  near  Loch  Nigbesn  Fhionnlaidh  occurs  on  the  down- 
throw side  of  u  large  north- easterly  fault, .which  hades  towards 
south-east,  and  on  the  north  side  of  Gillean  Burn  throws  down 
the  Tarakavaig  thnist-planc  in  an  easterly  direction,  displacing 
its  outcrop  about  -100  yard.i. 

The  differences  between  the  Tarskavaig-iloiue  schists  and  the 
Hoine-9chist  east  of  the  Moine  thrust  indicate  that  the  latter 
have  been  more  highly  metamorphosed  than  the  former.  The 
Moine  thrust  overlies  the  Tarskavaig  thnist,  and  the  rocks 
hrtnight  forward  on  it  have  doubtless  been  driven  for  a  greater 
distance  from  the  south-eaat  than  those  displaced  by  the  latter 
thrust.  It  is  the  schisfe  which  once  lay  furthest  to  the  sonth- 
eaat  that  are  in  the  mo.'*t  altered  condition.  We  may  suppose 
tliat  before  the  thrust  movements  began  the  rocks  now  overlying 
the  Tarskavaig  and  Moine  thrusts  formed  parts  of  one  rock  mass 
composed  partly  of  Lewisian  gneiss  rocks  and  partly  of  altered 
shales  ana  grits,  and  that  the  metamorphism  of  this  mass 
increased  in  intensity  in  a  south-easterly  direction. 

The  Moine  thnist  is  not  clearly  exposed  near  the  line  of  section. 
Half  a  mile  further  south  a  basalt  sill,  about  five  feet  thick, 
which  has  been  injected  along  the  thrust,  dips  to  the  south-east 
at  16°,  and  the  inclination  of  the  thrust  is  probably  about  the 
same. 

The  last  section  (Fig-.  fiC)  of  this  series  across  the  peninsula  of 
Sleat  has  been  drawn  along  a  line  .still  further  to  the  aonth-west. 
It  presents  a  much  larger  area  of  Lewisian  gneiss  (A),  and  of 
the  schists  of  sedimentary  origin  associated  with  them  (M'),  than 
that  shown  in  Fig.  65.  These  schists  have  here  been  carried  forward 
over  almost  unaltered  Torridonian  rocks  by  three  thrusts — the 
Tarskavaig  thrust,  the  outcrop  of  which  is  not  seen  in  the 
section  ;  the  Caradal  thrust,  lymg  above  the  Tarskavaig  thrust; 
and  the  Loch  Lamarscaig  thrust,  which  lies  partly  on  the 
Caradal  and  partly  on  the  Tarskavaig  thrust.  These  three 
thrusts  have  been  folded  into  syncHnes  with  axial  planes  striking 
towards  the  north-east.  The  axis  of  the  Loch  Lamarscaig  thmat 
runs  some  distance  to  the  south-east  of  those  of  the  others,  and 
this  thrust  has  perhaps  been  folded  after  the  others,  which  may 
possibly  have  received  their  plication  when  the  mass  on  the 
Loch  Lamarscaig  thrust  was  being  driven  over  them,  while  that 
tLnist  in  its  turn  may  have  been  folded  before  the  mass  that  was 
advancing  on  the  Moine  thrust. 

In  several  places  along  the  Caradal  thrust,  and  in  one  place 
along  the  Loch  Lamarscaig  thrust,  patches  have  been  observed 
of  the  Torridonian  ep  id  otic  grits  and  conglomerates  having 
phyllites,  granulitic  schists,  or  sheared  gneiss  on  both  sides.  A 
certain  amount  of  crushing  has  affected  the  adjoining  Tars- 
kavaig-Moine  schists  as  well  as  the  epidotic  beds,  and  has  helped 
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to  obscure  the  earlier  differences 
between  these  two  seta  of  rocks. 
In  a  specimen  (7649)  of  grsnulitic 
schist  collected  near  a  patch  of  the 
epidotic  conglomerate,  the  granu- 
litic  laminee  are  repeatedly  crushed 
along  lines  which  cross  the  foliation. 
Excepting  along  some  special 
thrust-like  lines  the  epidotic  beds 
are  not  granulitic,  the  outlines  of 
the  larger  pebbles  being  generally 
distinct  and  showing  no  parallel 
elongation.  Mixed  with  the  epi- 
dotic grits,  in  an  area  half  a  mile  to 
the  south-west  of  Loch  Lamarscaig 
outlet,  dark-grey  gritty  shales  and 
purple  and  green  sandy  shales  may 
be  seen.  None  of  these  shales  are 
lustrous,  and  in  this  respect  they 
contrast  greatly  with  the  adjoining 
Tarskavaig-Moine  phyllites. 

Just  under  the  Loch  Lamarscaig 
thrust  the  Beinn  na  Seamraig  grits 
and  shales  are  a  good  deal  crushed, 
but  not  otherwise  appreciably 
altered.  They  only  cover  a  small 
area  between  the  eastern  part  of 
thatthrust  and  theMoine  thrust,  and 
are  not  clearly  exposed.  Further 
south  their  width  becomes  still  nar- 
rower, and  about  a  mile  and  a  quarter 
north-west  from  Tormore  the  Moine 
thrust  rests  directly  upon  the  gneiss 
on  the  Loch  Lamarscaig  thrust. 
The  materials  that  overlie  the  Tar- 
skavaig  thrust  are  only  exposed  at 
the  north-west  end  of  the  section, 
and  consist  of  granulitic  schistose 
grita,  with  a  few  subordinate  beds 
_  ^      of  sandy    phyllite    which   are    not 

J  ;§  H  shown  in  the  section ;  the  foliation 
a  Q  planes  generally  dip  to  south-east 
■s  at  between  28°  and  50°,  but  near 

J  I  the  Caradal  thrust  they  are  some- 
I  ^  times  nearly  flat,  or  strike  to  north- 
west. The  phyllites  and  gneiss 
rocks  which  come  below  the  schist 
on  the  west  limb  of  the  Tarskavaig 
thrust  in  Fig.  65  are  probably 
hidden  under  the  sea  in  this  section. 
The  outcrop  of  the  Tarskavaig 
thrust     is      overridden     by     the 
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Loch  Lamarscaig  thnist  at  a  place  about  half  a  mile  south  of  the   l 
outlet  of  Loch  a'   Ghlinne,   where  the  latter  thrust   is  gently    ' 
inclined  towards  south-east.     The  Tai-skavaig  thrust  is  not  there    ' 
distinct,  but  from  the  north  aide  of  Loch  a'  Ghlinne  to  wiihin 
200  yards  of  the  Loch  Lamaracaig  thrust  it  strikes  nearly  north 
and  south  and  is  steeply  iDclined.     Nearly  a  third  of  o.  mile 
south-east  of  the  line  of  section  the  inclination  of  the  western 
iimb  of  the  Caradal  thrust  is  29°  tn  south-east,  and  a.  quarter  of 
a  mile  further  north-east  it  is  30°  to  south-east.     The  outcrop  of 
this  thrust  is  overridden  by  the  Loch  Laniarscaie  thrust  nearly    i 
half  a  mile  slightly  west  of  aouth  of  the  Loch  a'  Ghlinne  outlet,    | 
and  the  inclination  here  is  gently  westward. 

Above  the  western  limb  of  the  Caradal  thrust  iu  a  few  places 
thin  stripes  of  rock  have  been  noticed  which  may  be  regarded  as 
sheared  forms  of  Lewisian  gneiaa,  but  they  canuot  always  be 
confidently  separated  from  the  overlying  sandy  phyllites.  The 
patch  of  gneriss  shown  in  the  section  is  not  more  than  200  yards 
long,  and  no  other  gneiss  can  be  seen  for  more  than  a  mile  to  the 
south-west.  The  sandy  phyllite  above  the  slieared  gneiss  is 
about  lOIJ  yards  broad  and  generally  dips  to  south-cast.  About 
100  yards  east  of  the  top  of  this  phyllite  another  much  thinner 
band  of  phyllite  of  similar  material  is  siicceeded  by  overlying 
grauulitic  schists  which  are  generally  somewhat  pebbly  and  more 
massive  than  thase  below. 

On  the  east  side  of  the  epidotic  beds  shown  in  the  section,  j 
and  probably  separated  from  them  by  an  obscure  thrust,  a  flaggy 
pale-grey  mylonised  gneiss  malies  its  appearance,  the  parallel 
planer  of  which  are  much  crumpled  but  generally  dip  east  nr 
soulh-cast.  This  gneiss  may  be  separated  by  a  "miiuu'  tbru-l 
from  the  much  broader  exposure  shown  above  the  eastern  portion 
of  the  Loch  Lamarscaig  thrust.  The  rock  in  this  exposur*  is 
t*]  a  large  extent  composed  of  thin  pale-green  and  red  streaks, 
the  former  probably  representing  sheared  basic  laminse,  and  con- 
taining occasional  round  fragments  and  lenticles  of  hornblende 
and  hornblende  schist,  while  the  red  streaks  represent  the  more 
fel.spathic  laminae  in  the  gneiss,  or  perhaps  in  some  cases  veins  of 
pegmatite  which  have  been  sheared  with  the  gneiss.  Close  to 
the  Loch  Lamarscaig  thrust  the  planes  of  the  sheared  gneiss  are 
in  places  so  much  broken  that  the  rock  loses  its  flaggy  character. 

The  rocks  between  the  two  exposures  of  sheared  gneiss  above 
the  Loch  Lanfarscaig  thrust  consist  of  sandy  phyllites  and 
siliceous  granulitic  schists.  Next  to  the  gneiss  on  the  east  part 
of  the  thnist  lies  a  thin  -band  of  granulitic  schist,  followed  fay  a 
thick  phyllite  which  is  perhaps  part  of  the  band  seen  next  to  the 
gneiss  in  a  good  many  other  places  on  the  Caradal  and 
Tarskavaig  thrusts.  The  Moine  thrust  is  not  distinct  at  the 
south-east  end  of  the  section,  but  in  two  places  in  Allt  a'  Cham-' 
aird  some  rocks  in  the  thrust  are  exposed,  and  include  a  sheet  of 
basalt  and  a  band  of  mylonised  rock,  ten  feet  thick,  which  con- 
tains eye-shaped  pieces  swathed  round  by  thin  streaks  resembling 
crushed  shale.  The  mylonitie  streaks  generally  dip  to  sonih- 
east  at  about  20°,  and  are  probably  parallel  to  the  thrust. 


PART    V. 
THE    EASTERN    SCHISTS. 


CHAPTER    XL. 
GENERAL  DESCRIPTION.* 

Under  the  name  of  **  Eastern  Schists"  is  here  included  the 
great  series  of  crystalline  schistose  rocks  which  lie  upon  the 
uppermost  of  the  major  thrust-planes  of  Sutherland  and  Ross, 
and  stretch  eastwards  into  the  rest  of  the  Highlands.  These 
rocks  have  been  the  subject  of  much  discussion.  They  were  once 
regarded  as  portions  of  the  oldest  or  Azoic  architecture  of  the 
country.  Murchison  considered  them  to  be  a  metamorphic 
series  of  mainly  sedimentary  formations,  later  in  date  than  the 
Lower  Silurian  (Cambrian)  limestones  and  quartz-rocks  which 
underlie  them,  and  into  which  they  seemed  to  pass  downward  in 
a  conformable  succession.  The  detailed  study  of  them  by  the 
Geological  Survey  has  thrown  considerable  light  on  their  com- 
position and  structure,  but  the  problem  of  their  age  and  origin 
has  not  yet  been  completely  solved.  In  this  and  the  following 
chapters  nothing  more  will  be  attempted  than  a  general  account 
of  tneir  characters  as  these  have  been  ascertained  along  the  belt 
of  countrv  examined  between  the  north  coast  of  Sutherland  and 
the  Point  of  Sleat  in  Skye.  When  the  rest  of  the  Highlands 
lying  to  the  east  of  that  belt  has  been  surveyed,  it  may  be  possible 
to  offer  some  more  definite  opinion  as  to  the  stratigraphical 
relations  and  history  of  these  rocks.  ^ 

The  "  Eastern  Schists "  have  had  various  names  applied  to 
them.  Most  of  these  appellations  have  had  reference  to  the 
petrographical  characters  of  the  rocks,  such  as  *'  gneissose  flag- 
stones,*' y  quartzose  schists,'*  "  flaggy  schists."  Sometimes  the 
designation  selected  has  expressed  their  supposed  stratigraphical 
position,  such  as  "  younger  gneiss  "  or  "  upper  gneiss."  The 
members  of  the  Geological  Survey  when  they  began  to  map 
them  in  the  north  of  Sutherland  and  found  them  spreading  over 
the  wide  tract  known  as  The  Moine  in  that  county,  distinguished 

♦  By  J.  Home  and  J.  J.  H.  Teall. 
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them  as  the  *'  Moine  schists."  As  no  one  petrographieal  term 
will  adequately  describe  them,  and  as  their  stratigraphical 
relations  are  somewhat  complex  and  obscure,  it  has  seemed  best 
to  class  them  in  the  meantime  under  some  geographical  name 
which  will  involve  no  theoretical  implications.  Accordingly 
they  may  be  conveniently  described  as  the  '*  Eastern  Schist  * 
or  **  Moine  Schists." 

The  detailed  descriptions  and  illustrative  sections  given  in 
Chapters  XXXII.  to  XXXIX.  of  this  Memoir  have  shown  that, 
throughout  the  long  belt  of  complicated  structure  in  the  North- 
West  Highlands,  however  mucn  that  structure  may  vary  in 
tectonic  arrangement  from  district  to  district,  every  section 
taken  across  its  breadth  invariably  terminates  eastwards  in  the 
oncoming  of  the  Eastern  schists  above  the  Moine  thrust-plane 
or  most  easterly  of  the  great  displacements.  If  the  actual  plane 
of  this  thrust  could  always  be  seen  it  might  be  taken  as  the  western 
limit  of  these  schists.  As  already  mentioned,  it  has  been  clearly 
exposed  in  some  places,  such  as  the  precipitous  sear  cliff  east  of 
Loch  Eireboll,  the  Stack  of  Glencoul,  near  Knockan  in  Assynt, 
and  between  Stromeferry  and  Loch  Alsh.  But  it  is  often 
extremely  difficult  to  determine  the  precise  position  of  this 
thrust-plane.  Owing  to  the  development  of  mylonised  rocks 
about  its  horizon,  the  actual  **  sole  "  or  plane  of  displacement  is 
apt  to  be  lost  among  the  crushed  and  rolled-out  materials  which 
have  been  driven  along  in  the  line  of  movement. 

Near  Tarskavaig  in  Sleat,  Skye,  a  considerable  body  of  schistose 
rocks,  resembling  in  some  respects  the  Moine  schists,  has  been 
brought  forward  in  advance  by  displacements  below  the 
horizon  of  the  Moine  thrust.  Tliese  rocks,  which  have  been 
termed  the  Tarskavaig  Moine  schists  (Chapter  XLII.),  comprise 
phyllites,  sometimes  inlerh^aved  witli  siliceous  schists  and  gritty 
beds,  whicli,  in  ont^  locality,  present  a  spotted  appearance,  due 
to  the  presence  of  minute  airuregations  of  l)lack  mica  or  clilorito 
evidently  of  secondary  orig-in.  It  is  suggested  that  the 
micaceous  spots  may  liave  lesulted  from  contact  metamorphism 
near  some  igneous  intrusion,  and  though  j)r()bal)ly  earlier  than  the 
thrusting  movements,  must  have  ])een  later  than  the  regional 
metamorplii^m.  Overlying  the  ])]iy]lites  come  schistose  grits 
with  {)ebl)]es  of  quartz  and  microcline-felspar,  the  quartz  grains 
being  elongated  and  in  ])art  granulitised. 

Again,  on  tlTe  mainland,  in  the  Cnoc  Daimh  Burn  in  the 
Coulin  deer  forest,  Kinlochewe,  close  to  the  Moine-schists, 
tlumgh  the  junction  is  concealed  by  alluvium,  certain  fine- 
grained ])laty  rocks  and  siliceous  schists  are  to  be  seen  presenting 
petrographieal  tyj)es  internn^diate  between  normal  sediments  and 
crystalline  schists,  which  may  not  imnrobably  belong  to  the 
basal  division  of  the  Torridonian  system,  though  this  correlation 
cannot  be  demonstrated.      (Cha])ter  XXXVII.) 

The  material-;  which  supervene  above  the  Moine  thrust  may 
be  grouped  in  four  main  divisions  :^ — (I)  Mylonised  rocks:  (2) 
pliyllitic   schist^,    siliceous    schists,    and    limestones,    cspcciallv 
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characteristic  of  the  Durness-EireboU  district  (crushed  rocks  and 
frilled  schists  of  the  one-inch  map,  Sheet  114);  (3)  grannlitic 
qnartzo-felspathic  schists,  freauently  referred  to  as  Moine-schists, 
with  which  are  associated  thin  bands  of  gametiferous  mica- 
schist;  and  (4)  inliers  of  micaceous  and  hornblendic  gneiss 
recalling,  in  certain  areas,  types  of  Lewisian  rocks  to  the  west. 

(1)  A  remarkable  feature  of  the  Moine  displacement  is  the  belt 
of  mylonised  rocks  found  either  above  or  in  association  with  that 
plane.  In  some  places  this  belt  measures  a  mile  or  more  across, 
elsewhere  it  may  be  only  a  few  hundred  yards,  while  sometimes 
it  appears  to  be  absent,  the  granulitic  crystalline  schists  then 
lying  immediately  upon  the  plane  or  sole.  In  the  field  and 
under  the  microscope  it  can  be  shown  that  mylonites  of  variable 
tints — grey,  green,  pink,  and  striped — ^have  been  derived  in  part 
from  different  members  of  the  Lewisian  gneiss.  All  the  stages 
in  the  process  of  deformation  are  to  be  found,  the  dark  horn- 
blende gneisses  have  been  rolled-out  into  green  platy  schists,  the 
pink  pegmatites  exhibit  flow-structure  like  that  of  rhyolites,  and 
the  acid  gneiss  with  pink  quartzo-f  elspathic  veins  merge  into  the 
striped  or  banded  mylonites.  But  in  certain  cases  also  it  is 
apparent  that  the  materials  of  this  crush-zone  are  of  sedimentary 
origin,  for  in  EireboU,  in  the  Glencoul  district,  and  in  Assynt 
bands  of  basal  Cambrian  quartzite  have  been  rolled-out  into 

Elaty  homogeneous  quartzites  in  which  the  individual  grains  are 
ardly  discernible  with  the  unaided  eye.  Southwards  in  the 
Kinlochewe  district  it  would  appear  that  the  epidotic  grits  and 
basal  shales  (Torridon)  have  also  undergone  mylonising  processes 
in  association  with  the  Moine  displacement. 

The  effects  of  crushing  on  the  micro-structure  of  the  rocks  can 
be  best  studied  in  the  acid  gneisses,  pegmatites,  quartzites,  and 
quartzo-f  elspathic  grits.  The  original  grains  of  quartz  and 
felspar  have  been  broken,  and  detached  fragments  now  lie  in  a 
crypto-  or  micro-crj'stalline  matrix  which  represents  the  ulti- 
mate results  of  the  mechanical  action.  The  plagioclase  felspars 
illustrate  the  cataclastic  effects  in  the  greatest  perfection  on 
account  of  their  twin  lamellation.  The  first  effect  is  seen  in  a 
simple  faulting  of  the  twin-lamellse,  and  from  this  action  to  the 
breaking  up  of  a  large  individual  into  innumerable  fragments 
and  the  separation  of  the  fragments  in  the  matrix  of  fine-grained 
mylonitic  material  every  stage  may  be  followed.  The  same 
phenomena  may  be  seen  in  quartz,  especially  in* quartzites,  but 
when  quartz  and  felspar  in  juxtaposition  have  been 
simultaneously  affected  they  behave  somewhat  differently. 
Quartz  appears  to  yield  without  fracture  to  stresses  tending  to 
produce  fluxion  more  readily  than  felspar,  and  what  may  be 
termed  quartz-flow  round  angular  grains  or  crystals  of  felspar 
may  sometimes  be  observed.  In  such  cases  the  appearance  under 
the  microscope  suggests  that  an  original  grain  of  quartz  of 
approximately  equal  dimensions  in  the  different  directions  has 
been  converted  into  a  curved  lenticle,  and  that  in  the  process  of 
deformation  the  crystalline  individuality  of  the  grain  has  been 
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lost.  In  place  of  the  original  individual  an  aggregate  has  be«i 
produced,  the  constituents  of  which  are  also  more  or  less  lenti- 
cular in  form. 

In  this  connection  it  is  worthy  of  note  that  two  different  types 
of  schistose  rocks  have  been  produced  in  the  north-west  of 
Scotland  by  the  deformation  of  solid  rocks.  In  the  pre-Torri- 
donian  shear-zones  granular  gneisses  have  frequently  oeen  con- 
verted into  honiblende-granulites  (see  page  64)  by  shearing, 
without  the  development  of  cataclastic  structures,  or,  in  other 
words,  by  plastic  deformation ;  whereas  in  the  region  of  the  postr 
Cambrian  thrusts  similar  rocks  have  been  converted  into 
mylonites  with  marked  evidence  of  the  mechanical  fracture  of 
the  original  constituents.  These  two  types  no  doubt  correspond 
to  differences  of  pressure  and  temperature  at  the  time  of 
deformation.  The  mylonitic  type  mav  be  regarded  as  charac- 
teristic of  the  zone  of  fracture,  and  the  granulitic  type  as 
characteristic  of  the  zone  of  flow,  but  neither  the  two  types  nor 
the  two  zones  are  sharply  separated  from  one  another,  for,  as  we 
have  just  seen,  quartz  may  be  in  the  zone  of  flow,  while  felspar 
is  still  in  the  zone  of  fracture. 

(2)  The  phyllitic  schists,  siliceous  schists,  and  limestones 
represent  a  sedimentary  series  which  has  been  powerfully  affected 
by  the  post-Cambrian  movements.  It  is  well  developed  in  the 
EireboU  district,  and  may  be  studied  also  at  SangomorQ  Bay  and 
Fair-aird  Head.  The  phyllitic  schists  often  closely  resemble 
phyllites,  but  under  the  microscope  they  are  seen  to  have  been 
highly  crystalline  before  the  final  movements  took  place.  The 
principal  constituents  are  white  mica,  chlorite,  and  a  micro- 
crystalline  (jnartz-felspar  a^^grefi^ate.  The  rocks  are  usually 
(hirk-ofi'cen  in  colour  witli  wavy  foliation  ])lanes,  and  the  general 
appearance  of  a  freshly-prepared  hand  specimen  is  not  unlike 
that  of  a  rock  made  n])  of  broken  oyster-shells;  hence  the  term 
*'  oyster-shell  rock  "  which  has  been  frequently  applied  to  these 
pliyllitic  schists.  The  movements  which  gave  rise  to  thi> 
j)eculiar  feature  were  posterior  to  the  development  of  the  plates 
of  white  mica  which  are  seen  nnder  the  microscope  to  have  been 
bent  and  broken. 

The  siliceous  schists  are  intimately  associated  with  the 
])]iyllitic  ^schists,  sometimes  as  thin  alternating  lamince  and 
sometimes  as  thick  hand-;  which  can  be  readily  traced  in  the  field. 
I'hey  are  compact  halleflinta-like  rocks,  with  well-marked 
])arallel  structure,  mainly  composed  of  quartz,  but  containing 
also  a  few  thin  tlakes  of  white  mica.  The  micro-structure  is  of 
so  fine  a  grain  that  the  ontlines  of  the  constituents  can  only  be 
made  out  in  very  thin  sections  and  with  a  high  niagnifving 
j)ower.  The  individuals  of  quartz  are  then  seen  to  be  iiTegnlar 
in  form  and  greatlv  fiattened  in  the  planes  of  foliation.  In 
other  less  ry])icai  varieties  calcite  is  present,  and  this  indicates 
a  j)assage  into  the  linu^stones  with  which  they  are  also  associated. 

The  limestones  are  well -banded  crystalline  rocks,  composed  of 
calcite  with  a  few  flakes  of  white  mica  and  grains  of  quartz  and 
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felspar.     The  banding  is  well  shown  on  a  weathered  surface  in 
consequence  of  the  projection  of  the  more  siliceous  layers. 

(3)  The  granulitic  quartz-schists  have  the  largest  development 
in  tne  belt  between  EireboU  and  Sleat,  and  it  was  to  these 
characteristic  rocks  that  the  name  of  '*  gneissose  flagstones  "  was 
more  particularly  applied.  They  are  usually  flaggy,  though  some- 
times massive,  with  muscovite  and  less  frequently  biotite  along 
their  divisional  planes.  Augen  of  quartz  and  felspar,  which  are 
of  common  occurrence,  may  represent  the  remnants  of  original 
clastic  grains.  Indeed,  at  one  place,  in  the  Rhidorroch  Forest, 
six  miles  east  of  Ullapool,  schistose  pebbly  grits  are  associated 
with  the  siliceous  schists,  the  pebbles  of  quartz  and  felspar 
measuring  a  quarter  of  an  inch  across. 

Important  evidence  regarding  the  relation  of  the  post- 
Cambrian  movements  to  the  internal  structure  of  the  Eastern 
schists  is  furnished  by  the  associated  intrusive  rocks.  Thus,  in 
the  area  south-east  of  Glendhu  and  Glencoul  intrusions  of  foliated 
granite  have  their  foliation-planes  parallel  to  those  in  the  adjoin- 
ing siliceous  schists.  Again,  at  Leckmelm,  near  Ullapool, 
bands  of  foliated  porphyrite  resembling  the  type  of  oligoclase- 
hornblende-porphyrite  in  the  thrust  masses  in  Assynt  (Chapters 
XXIX.  and  XXX.)  are  interleaved  with  platy  mica-schists  of 
Moine  type.  Similar  evidence  is  obtained  in  the  area  east  of 
Loch  Ailsh  and  near  the  Knockan  in  Assynt,  where  sills  of 
sheared  porphyrite  and  syenite  porphyry  are  intercalated  among 
the  Eastern  schists,  with  which  their  foliation-planes  coincide  in 
angle  and  direction  of  dip.  These  metamorphosed  sheets  so 
closely  resemble  some  of  the  intrusive  sheets  among  the  Cambrian 
rocks  of  Assynt,  which  were  injected  before  the  post-Cambrian 
movements  (Chapter  XXIX.),  as  to  justify  the  inference  that, 
whatever  may  have  been  the  origin  of  the  Moine  schists,  the 
dominant  structures  impressed  on  them  and  on  the  porphyrite 
sills  must  have  been  produced  by  the  same  movements.  In 
addition  to  these  acid  intrusions,  bands  of  basic  material,  com- 
posed of  garnetiferous  hornblende-schist  and  hornblende-biotite- 
schist,  are  associated  with  the  granulitic  schists  of  the  Moine 
series,  and  display  a  similar  parallelism  of  dip  and  strike. 

Further  evidence  of  the  mechanical  movement  which  all  the 
Eastern  schists  have  undergone  is  supplied  by  certain  fine 
parallel  lines  on  the  divisional  planes,  alike  of  the  platy 
mylonites,  of  the  siliceous  schists,  and  of  the  foliated  granitic 
sills.  The  same  striping  or  parallel  lineation  is  sometimes  seen 
in  the  sheared  Torndonian  strata  that  overlie  the  Kinlochewe 
thrust- plane.  In  all  these  positions  the  trend  of  the  lines  is 
usually  W.N.W.  and  E.S.E.,  which  has  been  shown  to  be  the 
general  direction  of  movement  of  the  thrust  masses. 

Under  the  microscope  the  main  mass  of  a  typical  Moine-schist, 
taken  at  some  distance  from  the  thrust-zone,  is  seen  to  be  a 
micro-granulitic  aggregate  of  quartz  and  alkali-felspar,  in  which 
flakes  of  mica  are  embedded.  The  grains  of  quartz  and  felspar 
are  of  approximately  uniform  size  and  shape,   and  the  mica 
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flakes  do  not  merely  He  between  the  constituents  of  tbe  aggregate 
but  are  included  in  it,  so  that  a  sintrle  fluke  may  pierce  one  or 
mure  contiguous  grains.  A  rock  of  tiiis  character  shows  no  traces 
of  clastic  or  cafaclastic  structures ;  it  is  a  holocrystalline  schist. 

But  although  these  features  are  common  in  rocks  which  cover  s 
verj-  large  area  to  the  east  of  tlie  Moine-thruBt,  they  are  not 
especially  characteristic  of  the  rocks  immediately  overlying  the 
thrust.  In  these  rocks  cataclastic  structures  are  not  nucommon, 
and  tile  question  has  arisen  as  to  whether  they  represent 
crystalline  schists  more  or  less  broken  down  or  sedimentary  rocks 
which  are  ou  the  way,  so  to  speak,  to  become  Moine-schist.  Both 
views  have  been  held  by  different  members  of  the  Sur\-ey,  and 
both  views  may  be  right,  though  not,  of  course,  as  applied  to  one 
and  the  name  rock.  The  age  and  origin  of  the  rocks  that  have 
been  mapped  as  Moine-schists  is  a  complicated  problem  which  l\aa 
not  been  finally  and  definitely  solved,  but  abundant  evidence  has 
been  accumulated  to  show  that  under  the  influence  of  the  post- 
('ambrian  movements  rocks  of  diverse  age  and  origin  have 
acquired  a  common  type  of  structure,  and  that  true  crystalliuc 
schists  have  been  simulated  if  not  actually  produced. 

(4)  The  iuliers  of  gneiss,  probably  of  Lewisian  age,  that  are 
intercalated  among  the  gi-anulitic  Eastern  schists  are  specially 
prominent  on  the  western  slope  of  the  ridge  east  of  Loch  Eircholf, 
between  the  Kyle  of  Tongue  and  the  River  Borgie  in  the  nortlt 
of  Sutherland,  and  between  Loch  Carron  and  Loch  Alsli  in  the 
south  of  U OSS-shire. 

The  granular  hornblende-  and  biotite-gneisses  between  Tongne 
and  the  Itiver  Borgie  resemble  the  corresponding  types  iu  the 
uudisfurhed  Lcwisian  gneiss  of  the  western  area;  but  certain 
granulitic  gneisses — as,  for  example,  those  which  occur  to  the 
south-west  of  the  village  of  Tongue  in  the  direction  of  Lochau 
Hacoin  and  Bibigill — are  more  closely  allied  to  the  rocks  which 
occur  in  the  pre-Torridonian  shear-zones. 

In  the  course  of  the  survey  of  the  EireboU  and  Tongue  area,  it 
was  inferred  that  the  relations  of  the  Moine-schists  to  the  gneiss 
inliers  were  determined  by  the  post-Cambrian  movements,  and 
that  the  original  structures  and  strati  graphical  connexions  of 
the  rocks  had  been  more  or  less  completely  masked  by  these 
movements.  More  recent  work,  however,  between  Stromeferry 
and  Loch  Alsh  has  led  Dr.  Beach  to  the  belief  that  the  Moine- 
schists  in  that  district  rest  unconfonnably  on  gneisses  of 
Lewisian  type.  He  has  found  what  he  regards  as  a  conglomerate 
locally  developed  at  the  base  of  the  Moine-schists  and  overlain  by 
a  definite  order  of  succession  among  the  schists  analogous  to  that 
in  the  Diabaig  group  of  the  Torridon  Sandstone.  (Chapter 
XXXVIII.) 

In  connection  with  this  view  of  the  strati  graphical  relations  of 
the  Eastern  Schists,  it  should  be  mentioned  here  that,  in  the 
district  between  Stromeferry  and  Lnch  Alsh  and  also  in  Sleat, 
evidence  has  been  obtained  of  the  breaking  down  of  the  struc- 
tures of  the  siliceous  schists  close  to  the  Moine  thrust-plane.     It 


OenercU  Desci'iption,  601 

would  thus  appear  that  at  least  some  of  these  rocks  existed  as 
ciystalline  schists  before  they  had  reached  their  present  position. 
It  may  be  further  noted  that  a  band  of  what  is  obviously  a  crush- 
conglomerate  occurs  in  Balmacara  Bay  within  the  belt  of 
Lewisian  gneiss  east  of  the  great  Moine  displacement. 

A  striking  characteristic  of  the  Eastern  schists  is  presented  by 
the  double  system  of  folding  which  they  possess.  One  system 
has  a  N.N.E.  and  S.S.W.' strike,  the  inclination  of  the  axial 
planes  being  E.S.E.,  thus  harmonising  with  the  istrike  and 
direction  of  dip  of  the  Moine  thrust-plane  and  of  the  divisional 
planes  of  the  mylonised  rocks  in  association  with  that  displace- 
ment. This  plication  may  be  regarded  as  an  obvious  accompani- 
ment of  the  movement  of  the  thrust  masses  in  a  W.N.W. 
direction.  The  other  system  strikes  generally  W.N.W.  and 
E.S.E.  as  if  produced  by  forces  acting  at  right  angles  to  this 
trend.  On  looking  at  an  escarpment  of  Moine-schists,  the 
observer  sees  the  ends  of  a  series  of  folds,  the  axes  of  which  run 
W.N.W.  or  north-west,  lying  along  the  inclined  foliation-planes. 
Hence  arises  what  might  be  termed  "  mullion  "  structure — that 
is,  the  production  of  a  series  of  rods  trending  towards  W.N.W.  or 
north-west.  This  structure  is  admirably  illustrated  by  the 
quartzite-rods  of  Beinn  Thutaig  (1340  feet)  in  the  Moine-schist 
area  east  of  the  mouth  of  Loch  Eireboll.  (Chapter  XLI.)  It 
frequently  happens  that  ridging-up  has  taken  place  along  these 
axial  lines,  and  that  the  divisional  planes  dip  towards  N.N.E. 
and  S.S.W.,  the  pitch  of  the  folds  being  towards  E.S.E.  This 
second  system  of  folding  is  to  be  regarded  as  one  of  the  structures 
that  have  resulted  from  the  post-Cambrian  movements. 

One  final  important  feature  in  the  stratigraphical  relations  of 
the  Eastern  schists  remains  to  be  noted.  In  the  Durness  district 
they  are  superimposed  on  the  highest  surviving  sub-division  of 
the  Cambrian  series  ;  elsewhere  they  may  be  found  resting  on  any 
formation  among  the  displaced  masses,  including  the  thrust 
Lewisian  gneiss,  while  in  some  places  they  have  been  driven 
completely  across  the  belt  of  complicated  ground,  so  as  to  lie  on 
the  undisturbed  Cambrian  strata  further  west. 


THK  EASTERN  SCHISTS  FllOM  THE  NORTH  COAST  OF 
SUTHERLAND  SOUTHWAllDS  TO  STUATH  \A 
SHE  ALL  AG. 

I,   LOl'JI   ElIIEnOI.L  TO   LOCH   MORE." 

The  best  exposure  of  the  Maine  thrust-plane  in  the  north  «f 
Sutherland  is  to  be  seen  at  the  base  of  the  Cleit  an  Seabhaig — 
a  iireeipitous  aea-cliS,  about  600  feet  high,  nearly  two  mile!<  east 
f  of  the  mnnth  of  Loch  Eii'eboll.  Sheared  gneiss  and  pegmatite 
fiiriti  ut  that  place  the  pavement  or  sole  on  which  the  displaced 
schists  repose.  Southwards  the  thrust-plane  can  be  traced  to  the 
mouth  of  Loch  Hope,  and  thence  to  the  tap  nf  Creag  na  FaoJlinu 
and  Creag  Eaiail.  beyond  which  point  to  Loch  Sfore,  though 
ilself  concealed,  it  gives  rise  to  a  ronspicuous  feature  in  the  land- 
scape. 

At  the  base  of  the  Ea.stern  schists  in  EireboU,  green,  platy, 
fissile  myloui.sed  rocks  are  followed  by  green,  pink,  and  striped 
mylonites  with  alternations  of  gneiss,  which,  in  places,  has  lost 
nearly  all  traces  of  its  original  structure.  Immediately  above  the 
plane  or  in  association  with  the  lenticles  of  deformed  Lewisian 
giieisa,  wedges  of  lolled-out  quartzite  appear,  which  probably 
belong  to  the  basal  division  of  the  Cambrian  srstem.  Nest  in 
order  above  the  belt  of  mylonised  rocks  come  frilled  or  corrugated 
mica-schist  and  phylHtes  ("  oyster-shell  rock")  with  a  thin  band 
of  limestone  or  calcareous  zone  near  the  fop,  visible  on  the  Cleit 
an  Seabhaig  and  alonfj  the  ridge  to  the  south-west  of  Loch  Hope. 
Between  Creag  na  Faoilinn  and  An  Lean  Cham  the  wavy 
phyllifes  alternate  with  bands  nf  highly  siliceous  schist,  the  most 
prominent  one  being  represented  on  Sheet  114,  on  the  ridge  to 
the  south-east  of  the  head  of  Loch  Eireboll.  Further  to  the 
east  a  lenticular  belt  of  hornblendic  and  micaceous  gneiss  has 
been  traced  for  a  distance  of  eight  miles  from  the  west  slope  of 
Beinn    Tliutaig    and    across    Loch    Hope    to    Meall    a'    Bhaid 

•  By  B.  N.  Pefich  and  J.  Home,  with  notes  supplied  by  H.  M.  Codull. 
The  district  described  in  this  chapter  is  represented  in  Sheets  92,   101,   1(ML 
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Tharsuinn.  This  gneiss  is  followed  by  a  great  development  of 
granulitic  siliceous  schist  with  occasional  bands  of  garnetiferous 
mica-schist.  The  granulitic  quartz-schists  have  a  wide  distribu- 
tion over  the  eastern  slope  of  the  A'  Mhoine  and  southwards  to 
Loch  Hope. 

All  the  successive  bands  of  rock  lying  above  the  Moine  dis- 
placement have  been  dragged  into  a  general  parallelism  with 
that  line  of  disruption,  acquiring  in  consequence  a  strike  to 
N.N.E.  and  a  dip  to  E.S.E.  But  in  the  midst  of  the  granulitic 
series  frequent  examples  appear  of  folding  along  axes  that  trend 
W.N.W.  and  E.S.E.  The  most  striking  instance  of  this  struc- 
ture is  to  be  seen  on  the  south-east  slope  of  Be  inn  Thut^g  about 
three-quarters  of  a  mile  from  the  top  of  the  hill.  Here,  as 
already  alluded  to,  a  series  of  rods,  varying  from  two  to  four  feet 
in  length  and  from  one  to  four  inches  in  diameter,  are  composed 
of  irregular  grains  of  quartz  with  some  flakes  of  white  mica. 
These  rods  are  associated  with  mica-schists  of  Moine  type,  which 
have  there  been  thrown  into  sharp  anticlines  and  synclmes,  with 
axes  trending  like  the  rods  towards  W.  12°  N.,  and  with  a 
pitch  towards  the  east.  On  exposed  surfaces,  where  the  mica- 
schist  has  been  denuded  into  hollows,  these  siliceous  ribs  project 
and  form  conspicuous  features  in  the  landscape. 

The  same  order  of  succession  in  the  rocks  above  the  Moine 
thrust-plane  is  observable  in  the  Durness  area  on  Fair-aird  Head, 
and  in  a  less  complete  form  in  Sangomore  Bay.  The  platy 
mylonites,  the  rolled-out  lenticles  of  quart zite,  the  frilled  schist 
with  the  calcareous  zone  at  the  top,  the  reconstructed  zoisite- 
gneiss,  followed  by  the  granulitic  quartz-schists,  are  exposed 
partly  at  the  one  place  and  partly  at  the  other.  It  is  worthy 
of  note  that  the  fault-breccia  along  one  of  the  normal  dislocations 
north  of  Durine  village,  which  have  disconnected  the  Eastern 
schists  at  Durness  from  those  at  Eireboll,  (contains  numerous  frag- 
ments of  these  granulitic  schists. 

In  the  midst  of  the  granulitic  schists  between  the  Kyle  of 
Tongue  and  the  River  Borgie  two  inliers  of  gneiss  contain  types 
characteristic  of  the  Lewisian  rocks  to  the  west.  The  more 
westerly,  which  has  been  traced  from  the  village  of  Tongue^south- 
wards  to  Loch  an  Dithreibh,  is  bounded  by  siliceous  schist,  save 
on  the  north-west  margin  north  of  Loclian  Hacoin,  where  it  is 
in  contact  with  platy  hornblende-schist.  The  rocks  consist 
mainly  of  grey  banded  biotite  gneiss  with  pegmatites,  whose 
strike  roughly  coincides  with  that  of  the  adjacent  schists  of  sedi- 
mentary origin.  But  in  some  places — as,  for  instance,  near 
Ribigill  Farm — masses  of  coarse-grained  hornblende-gneiss 
appear  which  closely  resemble  a  type  in  the  Cape  Wrath  area. 

A  still  larger  belt  to  the  west  of  the  Borgie  River  is  about  two 
miles  wide,  and  extends  southwards  from  the  north  coast  for  a 
distance  of  seven  miles  to  Loch  Creagach.  It  consists  mainly  of 
homblendic  gneiss  with  masses  of  rudely-foliated  diorite  and 
dykes  of  ultra-basic  materials,  which  present  some  of  the  features 
of  the  Lewisian  masses  to  the  west.     These  rocks  are  bounded  bv 
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flagf^  quartz- biotite  schists  or  gneisses,  which  have  been  incliuicd 
with  the  Mdiiie  aeries.  Bands  of  horubleiide-schist  are  inter- 
leaved in  that  series  between  Strathan  and  the  village  of  Tongue, 
but  the  most  persistent  zone  of  this  tvpe  is  that  which  has  been 
traced  from  the  head  of  the  Kyle  of  Tongue  round  the  uoriheru 
and  western  slopes  of  Ben  Hope.     (Sheet  114.) 

The  order  of  succession  of  the  rocks  above  the  Mnine  thrust- 
plane  which  obtains  in  the  Eireboll  and  Durness  district  has  not 
been  traced  further  south  than  Creag  Earail  beyond  the  head  of 
Loch  Eireboll.  Southwards  to  Loch  More  the  plane  is  well 
defined,  its  average  angle  of  iuclinatinn  being  about  6°,  though 
in  some  places  it  is  higher,  while  at  Loch  Vuckemich,  about  a 
mile  north  of  Loch  More,  the  plane  becomes  hoi-izontal.  Im- 
mediately above  the  plane  of  disruption  a  belt  of  green  schist  with 
felspar  "  eyes,"  intensely  crumpled  and  contoi-ted,  has  been  pro- 
duced, partly  from  the  deformat  ion  of  Lewisiun  gneiss  and  partly 
from  sedimentary  materials.  Overlying  this  belt  come  the 
granulitic  quartzose  schists  with  partings  of  mica-schist. 

II.   THE   EASTEHN   SCHISTS   FHOM   LOCO   MORE  TO   LOCH   ULESCOUL.' 

Between  Loch  More  and  CJorm  Loch  Mor  the  Eastern  schists 
comprise  the  zone  of  (1)  myloniwed  rocks  at  the  base,  followed  by 

(2)  a  group  of  "puckered"  ("  Stack")  schists — extremely  fine- 
grained much-puckered  rocks,  containing  many  streaks  and 
thin  bauds  of  greenish-grey  quartzose  schist  or  slate — and  tbeu  by 

(3)  granulitic  siliceous  flagstones  with  thin  micaceous  schists. 
South  of  Loch  More  the  schists  in  somt-  jdaces  lose  their  usual 

K.N.E.-S.S.W.  strike  and  E.S.E.  dip,  and  become  approxi- 
mately parallel  to  the  adjacent  portion  of  their  curving 
western  boundary.  Between  Loch  na  Creige  Duibhe  and 
Beinn  Lice,  for  instance,  they  generally  dip  to  north- 
east or  E.N.E.,  while  between  Loch  Strath  nan  Asinn- 
teach  and  Meall  na  Leitreach  they  dip  to  south-east, 
and  in  the  southern  slopes  of  Gleann  Dubh  almost  to  due 
south.  These  different  directions  characterise  different  sides  of 
a  great  fold  into  which  the  Eastern  schists  have  once  been 
thrown.  The  highest  parts  of  the  folded  area  have  now  been 
denuded  away,  but  the  lower  parts  on  the  north-east  and  south 
remain.  The  fold  has  not  affected  the  Glencoul  thrust,  and  has 
perhaps  been  formed  while  the  higher  thrusts  were  in  progress. 

(1)  In  this  district,  as  in  that  of  Eireboll  and  elsewhere,  a  belt 
of  mylonised  rock  usually  divides  the  other  Eastern  schists  from 
the  rocks  which  lie  further  to  the  west.  Except  on  the  hill 
between  Loch  More  and  Loch  na  Creige  Duibne — where  its 
breadth  is  about  a  mile — it  is  never  here  as  much  as  a  quarter  of 
a  mile  wide.  Near  Beinn  Lice.  Olen  Coul,  and  Loch  an  Urchoil 
it  seems  generally  to  be  only  10  or  20  feet  thick,  and  in  some 
places  it  perhaps  does  not  exist.     In  one  section  near  the  head  of 
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Lock  Strath  nan  Asinn teach  it  is  certainly  not  present.  Besides 
this  most  western  outcrop,  other  bands  of  mylonised  rock  appear 
above  or  between  portions  of  the  **  Stack  "  schist  at  the  head  of 
Loch  Strath  nan  Asinnteach,  rather  more  than  one  and  a  half 
miles  south-east  of  Glendhu  (house),  near  the  head  of  Glen  Coul, 
and  at  various  other  places. 

About  a  mile  and  a  half  south-east  of  Glendhu  a  mylonised 
rock  passes  gradually  into  Lewisian  rocks,  which  have  been  only 
partially  mylonised,  and  which  are  overlain  unconformably  by 
the  Cambrian  quartzite.  On  the  hillside  between  Loch  More  and 
Loch  na  Creige  Duibhe  a  gradual  transition  appears  to  be  trace- 
able between  a  mylonised  rock  and  the  granulitic  flagstones. 
But,  nevertheless,  the  mylonised  belt  is  in  most  places  fairly  well 
defined  or  separated  by  thrust-planes  from  the  other  rocks. 

(2)  The  Puckered  or  ''  Stack ''  schists  consist  chiefly  of  rather 
dark-grey  lamime  mixed  with  others  that  are  paler  and  more 
quartzose.  Their  material  is  throughout  extremely  fine-grained, 
and  often  appears  as  if  its  different  parts  had  been  kneaded 
together,  individual  laminie  being  not  only  intensely  contorted, 
usually  along  axial  planes  which  dip  east,  E.S.E.,  or  north-east, 
but  also  crossed  by  little  thrust-like  lines  which  hade  in  the  same 
direction  as  the  axial  planes.  For  instance,  in  the  section  on  the 
north-east  side  of  Loch  Strath  nan  Asinnteach,  about  250  yards 
from  the  head  of  the  loch,  some  of  the  broader  laminoe  are  them- 
selves divisible  into  minor  laminre,  partly  of  a  very  quartzose 
character,  which  are  inclined  at  a  considerable  angle  to  the 
upper  and  lower  surfaces  of  the  broad  laminae  of  whicli  they  form 
a  part.  It  looks  as  if,  perhaps,  the  rock  had  been  piled  up  by  a 
series  of  small  thrusts,  as  some  of  the  large  rock-masses  below  the 
Glencoul  thrust  have  been. 

The  quartzose  streaks  in  the  schist  are  very  numerous,  but 
none  of  them,  as  a  rule,  is  more  than  an  inch  or  two  thick.  A 
specimen  from  one  of  the  thickest  bands,  about  30  feet  above  the 
base  of  the  group  in  the  Stack  of  Glencoul,  has  been  sliced,  and 
examination  shows  it  to  be  a  sericite  schist  or  slate.  (Specimen 
No.  3865.) 

The  Stack  schists  are  well  seen  on  the  north-east  side  of  Loch 
Strath  nan  Asinnteach,  where  they  overlie  the  quartzite.  At  the 
loch  their  outcrop  has  a  width  of  perhaps  about  20  yards,  but  further 
south  it  is  generally  much  broader.  At  one  place,  about  1500 
yards  south-west  from  the  outlet  of  the  loch,  these  schists  are, 
perhaps,  not  represented  at  all.  Near  Lochain  Feith  an  Leothaid 
and  the  head  of  Glen  Coul  the  breadth  of  the  band  averages  about 
half  a  mile. 

Near  Loch  Strath  nan  Asinnteach  it  is  difficult  to  draw  a  sharp 
line  between  these  schists  and  the  Cambrian  quartzite,  but,  on 
the  other  hand,  near  Lochain  Feith  an  Leothaid  and  between  that 
tarn  and  Glen  Coul,  they  appear  to  pass  gradually  upwards  into 
the  granulitic  flagstone  series,  the  change  taking  place  in  a  width 
of  30  or  40  yards. 

Ungranulitised  pegmatites,  rarely  more  than  about  an  inch 
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broad  and  running  usually  along  the  foliation  planes,  are  rather 
common  in  this  group.  In  soniL'  places,  as  on  the  north-west 
side  of  Loch  nan  Caorach,  about  a  quarter  of  a  mile  E.N.E.  of 
the  outlet,  these  pegmatites  are  disposed  in  sharp  isoclinal  folds, 
and  appear  to  have  been  folded  together  with  the  rest  of  the  rock. 

Various  planes,  resembling  thrust-planes,  and  nearly  parallel 
to  the  adjacent  thi'usts  in  the  Cambrian  rocka,  have  been 
observed  within  the  Stack  schists.  The  most  conspicuous  of 
these  planes  crosses  the  hill  between  Loch  Feith  au  Leothaid  and 
Glen  Colli,  keeping  near  to,  but  slightly  below,  the  line  taken  as 
the  boundary  between  the  Stack  schists  and  the  grauulitic  flag- 
stones. A  brecciated  rock  is  excellently  exposed  along  the  plane 
over  a  large  area  on  the  south  side  of  the  lochan  about  three- 
quarters  of  a  mile  N.N.E.  from  Loch  an  Urchoil.  It  inclines  to 
east  or  slightly  smith  of  east,  usually  at  angles  varying  between 
14°  and  17°,  and  from  the  character  of  the  schist  fragments  it 
contains,  it  is  clear  that  at  the  time  of  its  formation  the  neigh- 
bouring  rocks  must  have  had  essentially  the  same  characters  as 
they  now  possess.  Another  similar  plane  of  brecclation  is  seen 
about  a  mile  north  from  Loch  an  Urchoil,  and  probably  lies  a 
litlle  below  the  plane  just  described. 

(3)  The  Granulitic  Siliceous  Schist  ."(eries  covers  a  much  larger 
proportion  of  the  area  at  present  mapped  than  either  of  the  other 
groups.  Its  western  portion  includes  the  hills  of  Bcinn  Lice 
{1485  feet).  Meall  na  Leitreach  (1852  feet),  and  Beinn  Leoid 
(2697  feet),  but  it  is  much  less  diversified  by  steep  valleys  and 
fresh-water  lochs  than  the  Lewisian  gneiss  areas  lying  further  to 
the  west,  and  it  is  covered  also  in  many  places  with  great 
expanses  of  morainic  drift. 

These  extensively-developed  schists  present  a  remarkably 
uniform  petrographical  character.  In  none  of  them  have  any 
grains  been  obser^'ed  which  could  be  confidently  taken  to  be  of 
clastic  origin.  Occasional  scattered  grains,  usually  about  the 
size  of  small  peas,  of  white  ungranulitised  felspar  may  be  noticed, 
but  these  are  possibly  of  secondary  origin.  They,  are  seen  in 
various  parts  of  Meall  Leitreach,  and  with  special  clearness 
about  a  quarter  of  a  mile  north-east  from  the  Ordnance  station. 
Besides  tnese  grains,  others  consist  of  felspar  and  quartz  mixed. 
About  1500  yards  E.X.E.  from  Beinn  Leoid  some  of  these  com- 
pound spots  are  as  much  as  half  an  inch  in  length,  and  are 
scattered  irregularly  through  the  different  rock  bands. 

On  the  foliation- planes  of  these  schists  a  faint  lineation  or 
stretching  may  often  be  noticed.  It  seems  usually  marked  by  the 
arrangement  of  the  quartz-granules  and  mica-flakes  in  directions 
towards  W.N. W.,  N.W.,orN.N.W.,  more  or  less  at  right  angles 
to  the  general  foliation -strike  of  the  district. 

The  more  micaceous  schists  intercalated  among  the 
granulitic  schists  generally  contain  many  small  garnets,  and  are 
characterised  by  a  certain  irregularity  in  their  foliation,  probably 
due  to  gentle  puckering  and  occasional  intersection  by  lines  ot 
strain-slip.     In  other  places  they  have  been  thrown  into  a  series 
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of  sharp  little  folds  which  do  not  show  themselves  in  the  adjacent 
quartzose  schists.  The  mica-fiakes — chiefly  of  a  white,  but 
partly  of  a  black  or  brown,  colour — vaiy  in  size  in  different  dis- 
tricts, but  can  everywhere  be  distinguished  fairly  well  by  the 
unaided  eye.  Some  of  the  bands  effervesce  with  dilute  hydro- 
chloric acid,  but  no  calcite  streaks  appear  sufficiently  large  to  be 
discerned  in  hand  specimens. 

Few  of  these  more  micaceous  intercalations  are  suflSciently 
thick  to  be  traced  far.  PerhapvS  the  thickest  band  noticed  in  this 
district  is  about  30  feet  thick.  It  occurs  about  half  a  mile 
slightly  east  of  south  of  Beinn  Lice,  and  seems  to  run  in  a  N.N.E. 
direction  for  about  half  a  mile.  Certain  portions  of  it  effervesce 
with  dilute  hydrochloric  acid.  It  is  also  mixed  with  thin  bands 
of  more  siliceous  character. 

Many  thin  pegmatites  are  observable  in  this  series  of  schists, 
most  of  them  approximately  parallel  to  the  foliation.  They 
rarely  exceed  an  inch  or  two  in  thickness.  We  do  not  remember 
to  have  noticed  granulitisation  in  any  of  them,  either  in  the 
quartz  or  the  felspar.  Some  thin  quartz-veins,  however,  which 
appear  a  mile  and  a  half  N.N.W.  and  half  a  mile  slightly  west  of 
north  of  Beinn  Leoid,  run  parallel  to  the  foliation,  and  are 
somewhat  schistose  parallel  to  their  sides 

The  granulitic  schist  series  between  Loch  Strath  nan  Asinnteach 
and  Gorm  Loch  Mor  includes  a  set  of  intrusions  which  show  great 
variety  both  in  chemical  composition  and  structure.  Some  of 
them  are  granitic,  while  others  are  chiefly  composed  of  horn- 
blende and  black  mica.  Different  parts  of  one  mass  often  differ 
greatly  in  the  proportions  of  the  pale  and  dark  constituents,  and 
occasionally — as,  for  instance,  on  the  north  side  of  Loch  nam 
Breac  Mora,  and  about  a  third  of  a  mile  N.N.E.  of  the  foot  of 
Loch  an  Urchoil — dark  hornblendic  rocks  are  closely  associated 
with  others  of  granitic  type  as  if  possibly  both  were  parts  of  one 
intrusion.  In  large  exposures  of  these  rocks  indications  of  folia- 
tion are  always  observable,  but  the  degree  in  which  this  structure 
has  been  developed  greatly  varies  in  different  parts.  The  rocks 
also  display  great  variety  in  their  modes  of  occurrence,  some  of 
them  occurring  as  sills,  others  as  short  irregular  dykes,  and 
others  small  bosses,  but  none  of  them  are  fine-grained  at  their 
margins.  As  a  general  rule  the  granitic  intrusions  form  the 
bosses  and  dykes,  while  the  basic  rocks  have  a  greater  tendency 
to  take  the  shape  of  sills.  No  evidence  has  been  obtained  to 
show  that  the  intrusions  are  of  different  ages. 

In  various  places — as,  for  instance,  at  the  east  end  of  the 
granitic  mass  a  mile  slightly  west  of  south  of  the  foot  of  Loch 
Strath  nan  Asinnteach,  ancl  at  the  sides  of  dykes  near  Loch 
Dubh — the  different  bands  of  the  granulitic  schist  series  are 
distinctly  cut  by  the  edges  of  the  granitic  intrusions.  It  seems 
certain  that  the  rock  into  which  the  granite  was  intruded  must 
at  the  time  of  the  intrusion  have  been  composed  of  bands  having 
much  the  same  chemical  composition  as  those  we  now  see. 

It  is  quite  possible,  however,  that  the  material  in  the  different 
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bands  may  have  been  reerystalHsed  during,  or  subsequently  to, 
the  time  of  the  intrusions.  The  quartz  in  tne  granitic  rocks,  even 
those  which  show  but  little  foliation,  appears  to  be  always  in  a 
granulitic  condition,  and  it  may  have  acquired  this  character 
while  the  siliceous  schists  were  being  granulitised.  The  felspar 
grains  in  the  granites  have  frequently  also  a  clear  zone  of 
recrystfiJlised  material  around  their  margins  (Specimen  No. 
2948,  from  300  yards  south  of  Loch  Dubh,  and  No.  2949,  from 
about  a  third  of  a  mile  north  of  the  foot  of  Loch  an  TJrchoil),  or 
they  **  tail  off "  into  thin  granulitic  streaks.  Further,  the  folia- 
tion-planes in  some  of  the  more  perfectly  foliated  granitic 
gneisses  are  parallel  to  those  in  the  neighbouring  siliceous  schists, 
and  they  display  "  stretching  "  lines  in  about  the  same  direction. 
The  question  of  what  has  led  to  the  recrystallisation  of  the 
schists  and  of  the  intrusions  in  them  is  not  easily  answered.  The 
quartz  and  felspar  of  the  thin  pegmatites  which  occur  so 
abundantly  in  the  district  have  not  been  observed  in  a  granulitic 
condition.  Perhaps  these  pegmatites  were  introduced  during 
the  period  when  the  quartzose  schists  and  the  quartzose  parts  of 
the  intrusions  were  undergoing  the  process  of  granulitisation. 
Pegmatites  are  at  least  as  common  in  the  intrusions  as  in  the 
schists,  and  pegmatites  have  been  traced  from  the  echists  into  an 
intrusion.  Some  of  the  intrusive  sills — for  instance,  the  dark 
hornblendic  bands  on  the  north  side  of  Loch  nam  Breac  Mora  and 
in  Fionn  Allt  (about  1000  yards  slightly  north  of  east  of  that 
lake) — ^have  been  sharply  contorted  together  with  the  schists  in 
which  they  occur.  Both  rocks  probably  suffered  some  alteration 
during  the  time  of  contortion.  The  whole  region  may  at  that 
time  have  conceivably  been  under  such  conditions  of  pressure, 
depth,  and  temperature  that  reciystallisation  necessarily  ensued 
in  nearly  all  the  rocks. 

III.   THE   EASTERN    SCHISTS    IN    ASSYNT.* 

Except  in  certain  ])laces,  the  position  of  the  Moine  thrust- 
plane  in  Assynt  is  well  defined.  From  a  point  near  Gorm  Loch  ilor 
it  has  been  traced  southwards  to  the  eastern  shore  of  Loch  Ailsh, 
whence,  crossin^^  the  River  Oykell  and  Allt  Kalag,  it  sweeps  west- 
wards to  the  Knockan  Crag  south  of  Elj)hin.  The  sequence  of 
rocks  above  this  great  line  of  disruption  begins  here,  as  in  the 
ground  already  described,  with  mylonised  materials,  consisting 
chiefly  of  quartzose  rocks  and  including  a  sheared  igneous  sill. 
These  rocks  exposed  to  the  east  of  (rorni  Loch  ^fore  are  followed 
by  fine-grained,  flaggy,  granulitic  schists  containing  quartz, 
biotite,  and  muscovite.  They  are  eventually  succeeded  by  the 
siliceous  flagstones  with  sills  of  foliated  granite.  At  this  part  of 
the  district  the  normal  tyj)e  of  quartz-schists  appears  within  300 
yards  to  the  east  of  the  Moine  thrust-plane. 

I'he  sheared  arkose  is  not  continuoui^  along  the  strike,  but 
occurs  in  lenticular  form.     Tt  i*?  next  seen  in  Allt  Chnaip  Ghub- 

*By  B.  N.  Pejioh  and  J,  Home. 
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hais  near  the  head  of  Allt  Loch  Carn  nan  Conbhairean,  where  the 
deformation  is  equally  marked.  Among  the  rocks  which  have 
here  shared  in  the  movements  that  affected  the  Moine  schists 
intrusive  sheets  of  igneous  material  deserve  notice.  About  500 
yards  east  of  the  line  of  disruption,  in  one  of  the  branches  of 
Amhainn  Gleann  na  Muic,  a  tributary  of  the  River  Cassley,  a 
thin  sill  appears  in  those  schists,  both  having  common  foliation- 
planes.  It  contains  greenish-brown  biotite,  with  needles  of 
actinolite  in  a  granular  mosaic  of  felspar,  the  rock  being  regarded 
by  Dr.  Flett  as  possibly  a  sheared  kersantite.  Again,  at  the  foot 
of  Allt  na  Cailliche,  which  drains  into  Loch  Ailsh,  several  thin 
sills  of  sheared  syenite  porphyry  make  their  appearance,  which  are 
characterised  by  the  abundance  of  porphyritic  felspars  and  of 
biotite  in  their  ground  mass,  together  with  a  little  quartz. 

One  stream-section  may  here  be  referred  to  in  further  illustra- 
tion of  the  extreme  difficulty  of  sometimes  locating  the  exact 
position  of  the  Moine  thrust-plane.  In  a  little  burn  east  of  Allt 
na  Cailliche,  that  joins  the  River  Oykell  about  three-quarters  of  a 
mile  S.S.E.  of  Loch. Ailsh,  where  the  rocks  are  continuously 
exposed,  a  passage  can  be  traced  from  recognisable  Cambrian 
zones  eastwards  into  siliceous  (Moine)  schists  without  any 
apparent  disruption  line.  In  the  lower  part  of  the  section 
sheared  pipe-rock  with  sills  of  foliated  porphyry  are  succeeded  by 
schistose  felspathic  arkose,  partly  granulitised,  with  streaks  of 
sericitic  mica  on  the  divisional  planes.  The  lines  of  heavy 
minerals  in  the  original  sediment  are  still  apparent,  and  the 
pebbles  of  quartz  and  felspar  have  not  been  effaced.  These  beds 
of  arkose  are  traversed  by  sills  of  sheared  porphyrite  with 
porphyritic  orthoclase  and  crystals  of  orthite.  Eastwards  a 
mylonised  quartzite  with  parallel  films  of  white  mica  is  followed 
by  a  band  of  hornblende-schist,  and  eventually  by  siliceous 
Moine-schist.  All  these  strata  including  the  sheared  pipe-rock 
have  a  common  dip  and  strike  and  common  planes  of  schistosity 
which  are  more  or  less  parallel  with  the  plane  of  the  Moine  thrust. 
In  the  River  Oykell  the  beds  overlying  this  line  of  disruption 
consist  of  partly  mylonised  and  partly  granulitised  rocks  which 
have  been  driven  over  sheared  fucoid-beds  with  a  sill  of  foliated 
syenite  porphjoy. 

Interesting  evidence  is  obtained  in  the  Knockan  Bum  that 
deformed  grits  and  sills  of  igneous  material,  resembling  some  of 
those  in  the  Cambrian  strata  of  Assynt,  appear  among  the 
Eastern  schists.  About  100  yards  up  that  stream  from  the 
Moine  thrust-plane  and  about  a  mile  south  from  the  Knockan 
village  these  schists  include  a  thick  sheet  of  foliated  granitic  rock, 
together  with  thin  intrusions  sometimes  less  than  an  inch  thick. 
These  intercalations  occur  along  the  foliation-planes  of  the 
schists,  the  parallelism  between  the  two  rocks  being  well  marked. 
Microscopic  examination  shows  that  the  sediments  into  which  the 
sills  were  intruded  have  not  been  much  altered.  One  specimen 
(No.  9758)  is  a  mylonised  arkose  in  which  the  pebbly  structure  is 
not  yet  destroyed.     The  sill  (9756,  9757)  associated  with  this 
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arkose  shows,  according  to  J)t.  Flett.  phenociysts  of  ortlioclase, 

filagioclase,  and  microcline,  wliicii  are  broken  and  partly  grarni- 
itisod.  The  ground-mass  conlaina  much  biotite  with  chlorite, 
and  is  considerably  gianulitised.  Such  cumulative  evidence 
seems  to  point  to  the  conclusion  that  beds  of  arkose,  resembling 
the  Torridon  rocks  to  the  west  and  intrusive  rocks  like  those  in 
the  thrust  masses  in  Assynt,  have  shared  in  the  movements  that 
affected  the  Moine-schiats  and  now  form  an  integral  part  of  these 
schists. 

IV.  THE  EASTERN  SCHISTS  BETWEEN  KSOCKAN  AND  STRATH  KANAIRD.* 

The  rock  that  immediately  succeeds  the  Eilean  Dubh  dolomite 
above  the  Moine  thrust-plane  on  the  Kuockan  cliif  is  a  greenish 
platy  quartzo-felspathic  flagstone,  including  thin  intercalations 
of  a  more  schistose  rock  with  crumpled  folia.  (See  Fig.  40.) 
Between  Lochau  Fada  and  Drummnie  (old)  Lodge,  in  the  area 
west  of  the  Ullapool  road,  these  green  comigated  schists,  which 
are  there  the  predominant  rocks,  exhibit  the  peculiar  stnicfure  to 
which  the  name  of  "  03'ster-Bhc!l  "  or  "  frilled  "  schist  has  been 
applied  in  the  area  where  they  are  typically  developed  on  the  east 
side  of  Loch  Eireboll  {anie  p.  (304').  Two  hundred  yards  soath 
from  the  point  where  the  county  boundary  between  Sulherland 
and  Ross  crosses  the  Knockan  cliff,  a  lenticular  mass  of  compara- 
tively unaltered  Lewisian  gneiss  inten-enes  between  the  dolomite 
and  the  thrust-plane,  A  short  distance  further  south  a  lenticle 
of  Cambrian  quartzite  occupies  a  similar  position.  Another 
lenticular  ma^s  of  giipissj  which  likpwisc  exhibits  littlp  deforma- 
tion, is  seen  to  rest  upon  the  serpulite-grit  at  the  roadside  half 
a  mile  north  of  Achendrean,  and  imm^iately  south  of  a  small 
burn  that  here  crosses  the  road.  These  intercalated  masses  may 
be  regarded  as  phacoids,  which  have  to  a  large  extent  escaped 
the  deformation  that  has  destroyed  the  origin^  structures  in  the 
surrounding  rocks. 

Eastwards  from  the  thrust-plane  the  siliceous  flagstones 
become  more  crystalline  in  character  and  greyer  in  colour. 
White  mica  has  been  developed  in  more  or  less  abundance  on 
their  divisional  planes.  Bands  of  thin  fissile  mica-schist  are 
associated  with  the  more  siliceous  variety.  Several  such  highly 
micaceous  bands,  containing  abundant  small  garnets,  have  been 
traced  through  the  flagstones  a  mile  to  the  east  of  Drummnie 
Lodge. 

The  Moine  schists  in  this  district  have  a  persistent  easterly 
dip  at  angles  varying  from  8°  to  15°,  but  this  dip  cannot  he 
regarded  as  in  any  way  indicating  the  original  disposition  of  the 
strata.  The  rocEs  have  been  thrown  into  a  series  of  isoclinal 
folds,  and  their  dip  at  any  point  merely  represents  their  inclina- 
tion alon^  either  limb  of  one  of  these  folds.  Hence  no  satisfactory 
computation  can  he  made  of  the  thickness  of  the  materials  that 

•  By  L.  W.  Hinxman. 
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have  been  piled  up  above  the  Moine  thrust-plane.  (Fig.  40.) 
The  low  angle  of  inclination  of  this  thrust-plane  causes  its 
surface  to  approximate  in  many  places  to  that  of  the  ground,  and 
to  run  for  a  considerable  distance  up  into  Strath  Kanaird,  where 
denudation,  by  exposing  the  rocks  that  lie  beneath  the  thrust- 

f)lane,  has  shown  tne  comparatively  small  thickness  of  the  over- 
ying  cake  of  Eastern  schists  in  this  part  of  the  district. 

V.    THE    EASTERN    SCHISTS    FROM    STRATH     KANAIRD    TO    STRATH    NA 

SHEALLAG.* 

The  Eastern  schists  in  this  district  offer  few  points  of  interest. 
They  do  not  rise  to  a  greater  height  than  1830  feet  in  the  highest 
point,  Beinn  Eilideach,  to  the  south-east  of  Ullapool.  Their 
general  surface  forms  plateau-like  ground,  from  about  600  to 
1600  feet  in  elevation,  deeply  trenched  by  the  valleys  of  the 
lliver  Kanaird,  the  Ullapool  Riv3r,  Loch  Broom,  and  the  Strath- 
beg  River.  Many  of  the  smaller  streams  that  traverse  these 
rocks  have  formed  in  them  remarkably  narrow,  deep,  and  often 
quite  impassable  gorges.  Good  examples  of  this  feature  may  be 
seen  near  Leckmelm  and  Ardchamich  on  Loch  Broom,  and  a 
specially  striking  instance  on  the  larger  stream  of  Strathbeg  above 
Corryhallie.  Lochs  and  lochans  are  extremely  numerous,  as  in 
the  area  north  of  Loch  Achall,  and  on  the  plateau  between  the 
valleys  of  Loch  Broom  and  Strathbeg.  Most  of  these  waters  lie 
in  rock  basins,  each  often  occupying  a  separate  depression  of  the 
ground,  so  that  without  a  careful  scrutiny  of  the  district  many 
lochs  would  escape  notice.  The  overlooking  of  this  necessity  has 
doubtless  led  to  the  omission  of  lakes  in  various  places  from  the 
Ordnance  maps. 

The  prevailing  type  among  the  Eastern  schists  of  this  district 
is  the  typical  granulitic,  flaggy,  light-coloured  quartzose  rock,  not 
conspicuously  foliated,  generally  presenting  a  moderate  amount 
of  white  mica  on  the  foliation-planes.  Scattered  through  the 
rock  are  specks  of  dark  mica  or  biotite,  but  these  become  rarer  in 
the  most  quartzose  varieties.  Felspar  is  generally  present,  and 
in  some  cases  forms  a  considerable  portion  of  the  schist.  The 
next  most  marked  type  is  a  dark-coloured  biotite-schist  with 
abundant  wavy  or  wrinkled  foliation-planes.  It  is  comparar 
tively  poor  in  quartz,  but  contains  also  white  mica  like  the 
siliceous  variety,  and  both  rocks  often  contain  small  garnets. 
The  biotite-schist  occurs  as  bands  in  the  quartz-schist,  the  bands 
varyine  in  thickness  from  mere  partings  of  a  few  inches  up  to 
beds  that  form  distinct  features,  and  are  traceable  for  some 
distance.  Between  these  two  distinct  varieties  of  rock  many 
gradations  may  be  observed.  There  are  also  highly  siliceous 
and  massive  kinds  which  approach  the  nature  of  quartzite,  and 
contain  little  mica  of  any  kind.  Although  the  dark  biotite- 
schist  forms  but  a  small  part  of  the  total  thickness  of  these  rocks, 
it  often  spreads  over  an  area  very  disproportioned  to  its  bulk. 

*  By  the  late  W.  Gunn. 
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In  place-s  where  the  two  principal  VBrieties  of  scliist  frequently 
alternate  the  silieeous  kinil  almost  invariably  forms  the  small 
crags  and  prominent  features,  while  the  biotit« -schist,  lying  as  a 
thin  cake  on  the  top  of  the  crag,  A|)readij  out  over  the  dip  slope. 

Probalily  the  finest  section  of  the  Eastern  schists  in  tnis 
district  is  to  be  seen  in  the  great  scar  on  the  east  side  of  tie 
Strathbeg  Kiver,  called  Creag  Rhuibh  Coill  a  Bhun.  From  VOO 
to  900  feet  iu  height  it  is  almost  entirely  made  np  of  rocks  of  the 
siliceous  type,  here  and  there  banded  with  beds  of  biotite -schist 
two  to  three  feet  thick.  The  foliation  dip  of  these  rocks  is  for 
the  most  part  regular  at  angles  of  10"  to  20°,  sometimes  rising  to 
OS  much  as  ^50°.  The  direction  of  dip  is  generally  to  the  south- 
east. Few  signs  of  much  plication  can  be  detected ;  only  gentle 
undulations  are  observable.  Between  Strath  Kanaird  and  the 
Achall  Yalley,  however,  the  inclination  becomes  less  regular, 
being  in  many  places  nearly  due  south,  and  near  Loch  Achall 
north-east.  Along  certain  lines,  also,  the  schist.s  have  been 
much  ridged  up  and  contorted,  as  in  the  marked  esample  already 
{ante  p.  536}  described  as  traceable  for  several  miles  in  an 
E.N.E.  direction  on  either  side  of  Loch  Broom. 

Signs  have  been  observed  not  infrequently  of  another  kind  of 
deformation  in  these  rocks,  where  a  differential  movement  has 
produced  frictiou-mai'ka.  In  the  district  north  of  the  Rhidorroch 
River  this  movement  appears  to  have  been  directed  towards  the 
north-west  or  W.N.W.  Occasionally  also  another  type  of  folia- 
tion may  be  noticed,  in  which,  for  example,  between  two  slabs  of 
flaggy,  regularly- foliated  and  gently-inclined  schist,  a  bed  may 
intervene,  in  which  llie  folialion  shows  a  steep  dip  and  U  much 
puckered.  This  arrangement  may  be  the  remnant  of  an  original 
structure  elsewhere  destroyed,  or  it  may  be  that  the  puckered 
slab  was  subjected  to  differential  movement  while  the  adjacent 
beds  remaned  comparatively  motionless. 

Segregation  veins  and  pegmatites  of  a  white  or  pink  colour  are 
common  in  some  part«  of  the  Eastern  schists  of  this  district, 
perhaps  more  abundantly  where  the  rocks  have  been  folded  or 
puckered.  AVhere  biotite-schist  and  quartzose- schist  frequently 
alternate  pegmatites  appear  in  the  former  rock,  while  in  the 
latter  quartz-veins  appear  to  represent  the  pegmatites.  That  the 
crystalline  Moine-schists  of  this  district  have  mainly  a  clastic 
origin  may  be  confidently  inferred  from  the  traces  of  clastic 
material  occasionallj'  met  with  among  them.  The  age  of  the 
original  sedimentary  masses,  however,  still  remains  in  doubt. 
In  some  places,  as  in  the  example  from  the  cliffs  east  of  Dun- 
donnell,  good  evidence  can  be  adduced  that  altered  Torridon 
Sandstone  has  entered  largely  into  the  composition  of  the 
Eastern  schists. 

The  amount  of  undoubted  igneous  material  in  the  Eastern 
schists  of  this  district  ia  small.  East  of  Ullapool  a  narrow  band 
or  sill  of  granite,  among  the  schists  not  far  east  from  the  Moine 
thmst-plane,  has  been  traced  almost  continuously  northward  to 
Loch  Achall.     Intrusive  material  of  the  same  character  occurs 
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north  of  Glastullich  and  half  a  mile  south  of  Loch  Achall  on  the 
eastern  side  of  the  main  stream  which  enters  the  loch  from  the 
south,  where  the  sill  is  ten  feet  thick.  The  rock  is  a  red 
biotite-granite  which  contains  microcline  and  white  mica,  and  is 
often  traversed  by  veins  of  fine-grained  quartz-rock.  The  shore 
at  Loch  Broom,  near  the  south  end  of  Leckmelm  Wood,  displays 
a  narrow  band  of  similar  rock,  but  as  it  is  distinctly  foliated  it  has 
become  an  irregularly-foliated  biotite-gneiss. 


CHAPTER   XLII. 

THE  EASTERN  SCHISTS  ITROM  STRATH  NA  SHEALLAG 
TO  LOCH  ALSH  AND  IN  SKYE. 

I.   STBATH   NA  SHEALLAQ   TO   LOCH   ALSH.' 

In  the  area  between  Strath  na  Sheallt^  and  Ibe  lotly  crag  casi 
of  Loch  an  Nid  the  position  of  the  Moine  thmstrplane  is  clearly 
defined.  It  is  noteworthy  that  the  fine-grained,  greeuiah-grey 
schist  which  inimediatelj'  overlies  the  plane  at  the  south  end  of 
that  crag  is  a  typical  Moine-schist,  being  composed  of  % 
granulitic  aggregate  of  quartz  and  felspar  with  scales  of  white 
mica  and  "  ey<'3  "  of  felspar.  Southwards,  however,  on  the  ridge 
about  200  yards  eaat  of  Loch  a'  Mheallain  Odhair  and  about  two 
miles  and  a  half  north  of  the  Heights  of  Kinlochewe  there  is 
a  development  of  green  anil  streaky  mj'lonites,  the  origin  of 
which  is  difficult  to  determine.  Some  of  these  rocks  may  be  due 
to  the  deformation  of  bands  of  Lewisian  gneiss,  others  to  the 
crushing  of  Torridon  grit,  and  in  one  instance  (Specimen  No. 
4708)  the  rock  may  not  improbably  be  a  member  of  the  Moine 
series,  the  structure  of  which  has  been  modified  by  the  post- 
Cambrian  movements. 

From  the  Heights  of  £inlochewe  southwards  to  Loch  Coulin 
a  zone  of  green  schist,  with  an  apparent  thickness  of  about  250 
feet,  lies  along  the  base  of  the  Eastern  schists  and  immediately 
above  the  plane  of  disruption.  It  is  composed  of  fiaggy  granu- 
litic rocks,  with  which  occur  bands  of  the  more  siliceous  grey 
fiagatones  and  of  the  wavy  mica-schist  similar  to  the  "  oyster- 
ahell"  type  of  Loch  EireboU.  At  the  base  of  this  series,  about 
half  a  mue  east  of  Loch  Clair,  a  highly-contorted  platy  schist 
with  well-marked  striping  is  evidently  of  sedimentary  origin. 

Garnetiferous  muscovite-biotit*  schist  or  gneiss  is  remarkably 
developed  on  Meall  Hubh  and  Meall  ant-Sithe,  about  two  miles 
east  of  Loch  an  Nid  and  about  a  mile  and  a  half  east  of  the  Moine 
thrust-plane,  the  mapping  of  which  has  thrown  much  light  on 
the  geological  structure  of  that  and  adjoining  areas.     The  rock 

'By  J.  Home  and  B.  N.  PeBch,  with  Notes  from  E.  Greenlj*.  The 
district  described  in  this  chapter  is  contained  in  Sheets  61,  71,  81,  62,  and  98 
of  the  Qeological  Survey  Map  of  Scotland,  on  the  scale  of  1  inch  to  m  mile 


Strath  na  SheaHag  to  Loch  Alsh,  615 

is  variable  in  character,  being  composed,  in  places,  mainly  of 
biotite,  in  others  of  biotite  and  muscovite,  with  knots  and 
lenticles  of  quartzo-felspathic  material.  Garnets  are  abundant, 
and  sometimes  form  aggregates  more  than  an  inch  broad. 

A  notable  petrographical  type,  which  has  been  traced  for  some 
distance  on  both  sides  of  Glen  Docherty,  is  an  augen-schist  with 
a  normal  granulitic  matrix,  enclosing  numerous  "eyes"  of 
felspar  about  half  an  inch  in  breadth,  which  show  the  efEects  of 
crushing.  An  interesting  feature  in  this  rock  is  the  well-rounded 
form  of  its  felspar  **  augen,"  which  thus  differs  from 
the  elongated  or  phacoidal  shapes  which  have  generally 
resulted  from  the  dynamic  movements  of  this  region. 
Another  remarkable  zone  of  biotite-garnet  augen-schist, 
which  appears  about  a  mile  and  a  half  east  of  the 
Heights  of  Kinlochewe  and  also  on  the  Sron  Dubh  north- 
east of  Leckie,  is  about  45  feet  thick,  and  consists  of  a  massive 
schist  with  flakes  of  dark  mica  arranged  in  phacoidal  form.  It 
includes  fine  granular  bands  with  minute  garnets.  The  petro- 
logical  character  of  this  rock  has  been  described  in  detail  by  Dr. 
Teall. 

Around  Kinlochewe  in  the  Moine-schists,  quartz-bands  and  rods 
are  numerous  and  important.  Consisting  wholly  of  white 
granulitic  quartz  they  are  exceedingly  compact  and  uniform  in 
texture,  and  are  usually  separated  from  the  schists  by  films  of 
mica.  Their  foliation-planes  are  frecjuently  striped  or  fluted 
along  the  dip,  the  lineation  being  persistently  from  the  E.S.E. 
In  some  places  they  form  regular  bands  in  the  schist,  elsewhere 
they  appear  as  rods,  and  intermediately  as  flattened  lenticles 
which  are  generally  convoluted.  Discordance  can  frequently  be 
seen  between  their  margins  and  the  foliation-planes  of  tne  schists. 
From  their  greater  durability  they  often  form  the  crests  and  dip- 
slopes  of  the  rock-bosses  on  the  high  plateaux.  Fine  examples  of 
these  features  abound  on  the  escarpment  east  of  Abhuinn 
Bruachaig,  north  of  AUt  Dubh  Leacaidh,  and  north  of  Cam  na 
Garbh  Lice,  where  all  the  stages  between  perfect  rods  and 
unfolded  quartz-bands  can  be  found.  It  is  highly  probable  that 
these  bands  are  of  segregatory  origin,  and  that  the  rod-structure 
and  granulitisation  have  been  produced  by  the  post- Cambrian 
movements. 

The  double  system  of  folding  in  the  Moine-schists  (Chapter 
XL.)  is  beautifully  illustrated  in  the  area  between  the  Heights 
of  Kinlochewe  and  the  plateau  north  of  Glen  Carron.  The  strike 
of  the  main  folding,  save  where  locally  disturbed,  is  generally 
N.N.E.  or  north-east,  and  the  dip  varies  from  E.S.E.  to  south- 
east at  angles  ranging  from  18°  to  25°.  But  notwithstanding 
this  persistent  inclination  towards  the  E.S.E.,  the  strata  are 
probably  reduplicated  on  an  extensive  scale,  the  crests  of  the  folds 
having  been  removed  by  denudation. 

From  Achnashellach  to  the  head  of  Loch  Carron  the  Moine 
thrust-plane  is  concealed  beneath  the  alluvium  of  the  River 
Carron  and  by  Loch  Dhughaill.     The  first  rocks  exposed  on  the 
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elope  south-east  of  Loch  Dhugbaill  above  the  position  of  that 
plane  are  frilled  schista  of  phyllitic  type,  alternating  with  flaggy 
•quartzose   grauulitic   baods,    passing   south-eastwards   into   the 

S'  pical  siliceous  flagstonea  of  the  Moine  series.  Purther  down 
c  Talley  at  Ariuackaig  and  on  the  north-west  declivity  of  Carn 
Mor  two  nan-ow  belts  of  granulitic  biotite-actiuoUte-gneiss  may 
be  inliers  of  Lewisian  rocks,  modified  by  the  post-Cambrian 
movements.  To  the  west  of  the  alluvium  around  the  head  of 
Loch  Carron  the  Moine-schists  appear  at  Kirkton  as  siliceous 
flagstones  and  phyllites,  which  are  let  down  by  a  fault  against 
the  thrust  flaaer-gneiaa  that  overlies  the  Kiahom  thrust-plane. 
fFig.  54,  Chap.  XXXVIII.)  Southwards  this  plane  of  disruption 
19  vieible  in  a  stream,  not  far  to  the  north  of  the  bend  of  the  road 
leading  to  Kiahom  and  about  two  miles  and  a  half  north-we^t  of 
the  village  of  Loch  Carron,  where  the  siliceous  schists,  much 
folded  and  crushed,  override  the  flaser-gneisa. 

On  the  east  side  of  Loch  Carron  the  Moine  thrust,  though  not 
exposed,  must  crop  out  near  the  railway  station  at  Stromefeiry, 
for  mylonite-3  are  seen  at  the  pier  to  the  west  of  the  station,  and 
granulitic  siliceous  schists  occur  not  far  to  the  east.  Between 
Stromeferry  and  Attudale  a  narrow  strip  of  siliceous  schist, 
is  followed  (see  Chapter  XXSVIII.)  by  a  thin  zone  of 
mica-schiat  containing  crystals  of  hornblende,  whicJi 
passes  easiwards  into  a  rock  with  a  similar  matrix, 
enclosing  lenticles,  a  few  inche-s  long,  of  qu  arte  o-fel  spat  hie 
material,  together  with  pebbles  and  grains  of  quartz. 
The  rock  thus  resembles  a  conglomerate.  The  largest  of  the 
lenticlfi.s,  from  eight  to  ten  inches  long,  are  all  elongated  in  one 
direction.  They  may  have  been  derived  from  the  Lewisian 
gneisses  to  the  ea.st.  This  so-called  conglomerate  lies  in 
immediate  contact  with  an  overlying  mass  of  granulitic  born- 
blend  e-biotite-gneiss,  which  occupies  a  broad  area  southwards  to 
Loch  Alah.     (Sheets  71  and  81.) 

Reference  has  already  been  made  to  the  outcrop  of  the  Moine 
thrust-plane  between  Stromeferry  and  Loch  Alsh,  where  the 
granulitic  siliceous  Eastern  schista  have  been  driven  westwards 
over  the  thrust  flaser-gneiss,  (Chapter  XXXVIII.)  Both  at 
Braeintra  and  in  the  hollow  between  Kirkton  and  Auchtertyre 
Hills  evidence  of  the  breaking  down  and  crushing  of  the 
structures  in  these  schists  has  been  obtained. 

The  remarkable  conglomeratic  rock  noticed  in  Chapter 
XXXVIII,,  which  may  possibly  mark  the  base  of  the  Moine 
series  south  of  Braeintra,  is  exposed  in  two  places.  The  first  of 
these  lies  on  the  east  margin  of  a  belt  or  infold  of  siliceous  schist 
about  300  yards  west  of  the  bend  of  the  road  leading  across  the 
ridge  towards  Gleann  tJdalain,  where  it  forms  an  isolated  knob 
peering  through  drift.  The  second  exposure  is  visible  about  100 
yards  further  to  the  east  in  a  knoll,  where  the  conglomerate  rests 
on  granulitic  homblende-biotite  gneiss,  and  passes  eastwards 
underneath  the  Moine-schist.  In  both  cases  the  matrix  is  holo- 
crystalline,   composed  of  quartz,   felspar,   hornblende,   biotite, 
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muscovite,  and  epidote,  and  enclosing  fragments  of  granulitic 
gneiss  and  quartz.  It  is  noteworthy  that  the  crystals  of  actinolite 
in  the  matrix  pass  into  the  included  pebbles. 

Eastwards  from  the  Moine  thrust-plane  towards  Gleann  Udal- 
ain  evidence  is  presented  of  increasing  metamorphism  in  the 
Moine-schist  on  each  successive  infold.  The  rocks  become  more 
coarsely  crystalline  and  the  intervening  belts  of  Lewisian  gneiss 
are  almost  wholly  granulitised.  On  ui^  east  side  of  the  bay  at 
Kirkton  of  Lochalsh,  on  the  rocky  headland  south-west  of 
Avemish,  a  ''crush-conglomerate"  appears  within  the  area 
occupied  by  the  Lewisian  gneiss,  which  there  consists  of  hard 
granulitic  quartz-biotite  gneiss,  mica-schist,  and  hornblende- 
biotite-chlorite  schist.  By  a  complex  system  of  overfolds, 
lenticles  and  knots  of  the  hard  siliceous  gneiss  have  been  pinched 
off  and  isolated  in  the  green  chloritic  schist,  the  pseudo-pebbles 
being  elongated  in  a  direction  parallel  with  the  long  axes  of  the 
folds. 

II.   THE   EASTERN   SCHISTS  IN   SKYE.* 

In  Skye  the  Eastern  schists  are  confined  to  the  part  of  the 
peninsula  of  SI  eat  which  lies  south  of  Loch  na  Dal.  On  the 
mainland  opposite  to  Kylerhea  similar  schists  strike  towards  the 
north-east,  and  help  to  connect  the  Skye  exposures  with  those  to 
the  north  of  Loch  Alsh,  described  in  the  previous  pages.  In 
the  area  now  under  consideration  these  schists  are  separated  by 
thrusts  from  all  the  rocks  which  can  be  regarded  with  confidence 
as  Torridonian,  but  many  of  their  junctions  with  the  Lewisian  gneiss, 
though  much  folded,  show  no  indications  of  thrusting. 

The  most  northerly  exposure  of  the  schists  on  the  south-eastern 
side  of  the  Moine  thrust  is  to  be  seen  in  Camas  a'  Mhuilt,  near 
Isle  Ornsay,  but  is  small  in  size,  and  wedges  out  in  less  than 
half  a  mile  in  a  south-westerly  direction.  About  a  mile  and 
three-quarters  further  in  the  same  direction  another  thin  strip  of 
similar  schist  appears  on  the  same  side  of  the  thrust.  In  Camas 
Croise,  and  between  that  bay  and  Isle  Ornsay,  a  small  much- 
folded  patch  is  bounded  on  the  west  by  a  fault  or  thrust  striking 
slightly  east  of  north.  South-east  of  Armadale  Bay  these  rocks 
appear  again,  and  form  Rudha  Phoil,  Rudha  Dubh,  and  the 
adjacent  islands.  South-west  of  the  bay  they  extend  some 
distance  from  the  shore,  but  are  so  mixed  with  the  Lewisian 
gneiss,  partly  by  folding  and  partly  by  lines  of  crush,  which  have 
a  prevalent  north-easterly  trend,  that  it  is  difficult  to  describe 
their  distribution.  The  coast  from  200  yards  north  of  Bogha 
Charslice  to  half  a  mile  south-west  of  Tormore  is  composed  either 
of  Moine-schists  or  of  Tertiary  intrusions.  Starting  from  the 
road  a  third  of  a  mile  N.N.E.  of  Tormore  one  may  walk  in  a 
westerly  direction  for  nearly  a  mile  and  a  half  and  keep  on 
Moine-schists  all  the  way.  AH  these  rocks  within  the  limits  here 
traced  lie  on  the  eastern  side  of  the  Moine  thrust-plane. 

*  By  C.  T.  Clough. 
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A  much  larger  area  of  the^e  schists  lies,  however,  to  the  west 
of  that  plane.  It  comes  to  the  coast  betweeu  Aird  and  the 
Point  of  Sleat,  and,  together  with  some  small  associated  patches 
of  gneiss,  Torridoiiian  and  Mesozoic  rocks,  extends  northward 
for  six  or  seven  miles  from  the  Point  of  Sleat  on  the  western  side 
of  the  peninsula,  its  breadth  near  Rudh'  an  lasgaich  being  about 
two  miles  and  a  half.  Its  northern  end  forms  a  curve  on  the  hill 
700  yards  south-east  from  the  east  end  of  Loch  Gausca- 
vaig,  and  is  Hanked  on  the  north-eaatera  side  by  two 
small  outliers,  neither  of  them  so  much  as  GO  yards 
in  length,  which  appear  to  rest  on  betU  belonging  to 
the  Kinloch  division  of  the  Torridonian  aeries.  Near  the 
north  end  of  this  area  the  boundary  between  these  schists  and 
the  Torridonian  series  is  the  Tarakavaig  thrust,  which  has  been 
folded  into  a  ayncline  with  axial  plane  striking  to  N.N.E.  and 
hading  to  south-east.  (Figs.  (So  and  CG.)  Further  south  the 
eastern  limb  of  the  syncline  becomes  vertical,  or  even  dips  to 
south-east  or  east,  ao  that  the  Torridonian  rocks  sometimes  overlie 
the  schists.  The  south-eastern  portion  of  the  area  is  divided 
from  the  north-western  by  the  Caradal  thrust,  the  outcrop  of 
which  can  be  traced  along  the  west  side  of  Sleat  from  Genr 
Kudha  to  near  Inver  Dalavil.  It  then  bends  towards  east  and 
south-east  until  it  meets  the  Lamarecaig  thrust  a  mile  north  of 
Sgurr  nanCaorach.  The  Caradal  thrust  repeats  the  lower  portions 
of  the  Moine  series,  which  on  either  side  of  it  present  much  the 
same  state  of  alteration.  Both  portions  of  the  large  area  now 
traced  lie  on  the  north-western  side  of,  or  below,  the  Moine 
thrust,  whereas  all  the  olber  area.-  lie  above  it.  All  thi-  wclii^ls 
below  that  thrust  are  leas  altered  than  those  above  it,  and  show 
their  sedimentary  character  more  distinctly.  Though  the  schists 
on  both  aides  of  the  thrust  must  have  been  originally  very  similar 
in  character,  and  in  their  relations  to  the  Lewisian  gneiss,  the 
difference  in  the  extent  of  their  metamorphism  will  make  it  con- 
venient to  describe  them  separately. 

(i.)  Beginning  with  the  rocks  on  the  north-west  side  of  the 
thrust,  distinguiahed  by  the  name  of  the  Tarskavaig  Moine- 
schists  (Chap.  XXXIX.),  we  have  to  remark  at  the  outset  that 
they  are  perhaps  less  altered  than  any  other  known  Moine- 
schists.  They  are,  therefore,  of  particular  interest.  They  may 
be  divided  into  two  types,  one  chiefly  of  phyllitic  character,  the 
other  more  siliceous.  The  phyllitic  portion  is  usually  closely 
intermixed,  sometimes  in  nearly  equal  proportions,  with  thin 
sandy  or  siliceous  atreaka.  In  moat  places — for  instance,  near 
Tarakavaig  Bay — the  materials  next  to  the  Lewisian  gneiss  con- 
sist chiefly  of  phyllite  mixed  with  thin  bands  of  fine  siliceous 
schist,  covered  by  an  alternating  seriea  in  which  the  siliceous 
bands,  though  in  considerable  excess  of  the  phyllitic,  have  a  finer 
grain  and  a  paler  grey  colour  than  are  usually  found  in  the  over- 
lying schistose  grits.  Some  considerable  exposures  of  phyllite — 
for  instance,  on  the  west  side  of  Aird,  near  Loch  Nigheann 
Fhionnlaidh,  and  on  the  north-east  side  of  Sgurr  Breac — appear 
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at  some  distance  from  the  gneiss,  but  they  may  nevertheless 
represent  folded  portions  of  the  phyllitic  beds  usually  seen  near 
the  gneiss. 

The  clearest  junction  between  the  Moine-schists  and  the 
gneiss  is  to  be  seen  on  the  coast  nearly  two-thirds  of  a  mile 
W.N.W.  from  Loch  Nigheann  Fhionnlaidh,  where  phyllite  rests 
on  an  unctuous  green  schist  which  may  represent  a  sheared  form 
of  one  of  the  gneiss  rocks.  The  line  between  the  two  rocks  is 
slightly  waved,  but  almost  parallel  to  the  bedding  in  the  phyllite, 
the  bedding  being  shown  by  some  thin  siliceous  bands.  The 
foliations  of  the  two  rocks  are  parallel  to  one  another  and  slightly 
steeper  than  the  bedding  in  the  phyllite,  and  portions  of  the  two 
rocks  are,  in  places,  united  into  one  block.  On  the  north  side  of 
Acarseid  an  Iludha  some  of  the  phyllitic  bands  are  slightly  cal- 
careous. Thin  gritty  or  pebbly  bands,  rarely  more  than  an  inch 
thick,  are  generally  abunaant  in  the  phyllites,  and  some  of  them, 
even  when  they  show  distinct  clastic  grains  of  opalescent  quartz 
and  red  felspar,  are  calcareous.  Good  examples  of  these  cal- 
careous bands  are  exposed  on  the  coast  a  mile  east  of  Ard 
Thurinish,  and  on  the  north  side  of  Acarseid  an  Eudha. 

On  the  coast  from  Port  na  Long  to  within  a  mile  of  the  Point 
of  Sleat  the  phyllite  and  the  intermixed  gritty  beds,  but  perhaps 
the  latter  especially,  contain  many  round  spots,  some  as  large  as 
small  peas,  of  black  mica  or  chlorite.  The  rocks  containing  these 
spots  do  not  split  readily  along  the  foliation-planes,  and  they 
'*  clink  "  under  the  hammer.  They  are  also  perhaps  less  lustrous 
than  the  phyllites  in  most  parts  of  the  district.  Some  of  the 
bands  of  purer  phyllite  also  contain  garnets,  about  the  size  of 
mustard  seeds,  together  with  little  plates  of  some  hard  black 
undetermined  mineral  lying  across  tne  foliation-planes.  The 
spots  are  evidently  of  secondary  origin ,  and  when  examined  under 
the  microscope  (Nos.  7348  and  7349)  the  flakes  in  them  are  seen  to 
contain  many  inclusions  of  the  granulitic  constituents  of  the  rock, 
and  also  to  be  repeatedly  twisted.  In  some  spots  they  are  com- 
posed of  biotite,  in  others  of  chlorite  or  of  chlorite  mtergrown 
with  biotite.  In  addition  to  these  minerals  many  small 
brownish-red  spots,  of  low  refractive  index,  may  perhaps  be 
albite.  Similar  micaceous  spots  characterise  the  schists  for  a 
little  distance  inland  from  the  coast,  but  further  north  they 
become  gradually  less  prominent. 

We  suppose  the  spots  to  have  existed  before  the  schists  contain- 
ing them  were  thrust  into  their  present  positions.  The  flakes  in 
them  were  perhaps  twisted  while  the  thrusts  were  in  progress. 
As  the  flakes  are  later  than  the  granulitic  constituents  of  the 
rock,  it  would  seem  that  these  Moine  rocks  were  granulitised  and 
essentially  in  their  present  condition  before  the  thrusts  took  place. 
If  this  conclusion  be  admitted,  the  differences  in  extent  of  meta- 
morphism  between  the  Tarskavaig-Moine  schists  below  and  the 
Moine-schists  above  the  Moine  thrust  existed  prior  to  the  thrust. 
We  may  suppose  that  these  rocks  were  pushed  from  an  area  in 
which  the  metamorphism  increased  in  a  south-easterly  direction. 
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The  metamorphism  which  produced  the  micaceous  apols,  tboueU 
probably  earlier  than  the  tlirusts,  must  have  been  later  than  the 
rp^rioual  me tamorphism— which  waa  perhaps  induced  during  the 
isoclinal  folding — and  may  have  been  developed  near  some 
igneous  intrusion. 

The  variations  in  breadth  of  the  outcrop  of  pbyllitc  next  the 
gneiss  are  perhaps  in  part  due  to  the  varying  original  thicknesses 
ol  the  bed  in  different  foc^ities.  In  some  places  there  is  no  phyllite 
in  this  position,  and  its  entire  absence  could  not  be  explained  by 
folding.  The  facts  seem  to  suggest  that,  though  we  see  no  clear 
unconformity  between  the  Moine-scbists  and  the  gneiss  locks  in 
any  particular  section,  there  may  yet  bo  a  discordance  there,  the 
apparent  conformity  being  due  to  the  dragging  into  parallelism 
of  the  structures  of  tlio  two  rocks. 

The  schistose  grits  which  come  above  the  phyllites  next  the 
gneiss  make  up  much  the  largest  part  of  the  area.  They  were 
probably  thicker  than  the  phyllites  originally.  Their  quarts 
grains  &nd  pebbles  have  usually  either  "  run  together"  to  form 
a  granulitic  matrix,  or  else  they  have  been  greatly  deformed  and 
pulled  out  into  parallel  streaks.  A  bluish  opalescent  tint,  like 
that  of  the  quartz  in  the  Lewisiau  gneiss,  is  still  shown  by  many 
of  the  larger  grains,  even  by  some  which  are  considerably 
elongated.  Half  a  mile  E.S.E.  from  Camas  Daraich  the  quartE- 
pebbleis  are  crossed,  in  a  direction  at  right  angles  to  tnat  of 
elongation,  by  many  thin  rather  opaque  white  streaks,  which  are 
more  distinctly  granulitic  than  the  other  parts  of  the  pebbles. 
Some  of  these  pebbles  are  as  much  as  three  inches  long,  though 
only  halt  an  inch  broad.  Most  of  the  clastic  grains  and  pebbles 
*  of  felspar  consist  of  red  microcline.  They  are  generally  much 
less  deformed  than  the  quartz  pebbles,  and  are  traversed  by 
cleavage-planes  that  cross  their  whole  breadth  without  any 
noticeable  crack  or  elongation.  The  difference  in  the  behaviour 
under  shearing  of  the  quartz  and  felspar  grains  is  particularly 
prominent  in  Camas  Daraich  and  300  yards  south  of  Acarseid  an 
Budha.  In  a  few  places  pebbles  have  been  found  compounded  of 
red  felspar  and  opalescent  quartz.  Small  grains  of  epidote  are 
common,  sometimes  so  large  and  abundant  as  to  be  recognisable 
by  the  unaided  eye,  and  to  give  a  yellowish -green  tint  to  the  rock- 
matrix.  They  are  usually  congregated  into  streaks  parallel  with 
the  other  stretched  constituents  of  the  rock.  The  micaceous 
flakes  on  the  foli  at  ion- planes  are,  as  in  the  phyllites,  too  small  to 
be  discerned  macroscopic  ally,  but  in  all  parts  of  the  district 
larger  flakes,  of  biotite  or  chlorite,  are  usually  found  to  cross  these 
planes  at  various  angles.  The  average  size  of  the  larger  clastic 
grains  varies  in  different  bands.  It  is  possible  to  recognise  tfaat 
in  many  places  the  schists  are  very  false-bedded. 

Short  veins  of  quart;!,  or  of  quartz  with  a  certain  proportion  of 
red  felspar  and  chlorite,  are  common  both  in  the  phyllites  and 
more  siliceous  bauds,  but  are  seldom  more  than  an  inch  or  two 
thick.  In  a  specimen  (No.  7354),  obtained  a  quarter  of  a  mile 
north  of  Inver  Datavil,  the  felspar  is  albite  or  a  closely-allied 
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species,  accompanied  with  some  little  strings  and  specks  of  car- 
bonate. Some  of  the  veins  show  a  rodded  structure  on  the 
outside,  or  are  crossed  by  a  foliation  which  also  affects  the  beds 
in  which  they  occur.  The  direction  of  stretching  is  sometimes 
— as,  for  instance,  on  Rudha  Caradal — parallel  to  the  direction 
of  dip,  but  more  usually  differs  somewhat  from  it.  Between  the 
Point  of  Sleat  and  Geur  Rudha,  and  on  the  coast  half  a  mile  north 
of  Inver  Dalavil — ^places  where  the  usual  dip  is  slightly  south  of 
east — the  stretching  is  often  35°  or  40°  more  south  of  east. 
Bather  more  than  a  third  of  a  mile  E.N.E.  from  the  centre  of 
Camas  Daraich  the  dip  is  towards  E.S.E.,  and  the  elongation 
almost  at  right  angles  to  it. 

(ii.)  Sections  of  the  schists  that  stretch  to  the  east  of  the  Moine- 
thrust  and  overlie  it,  may  be  seen  on  the  north  side  of  Camas 
Croise,  on  the  south  side  of  Rudha  Phoil,  and  from  near  Bogha 
Charslice  to  about  half  a  mile  south-west  of  Tormore.  The 
siliceous  schists,  representing  altered  sandstones  or  grits,  are,  as 
already  stated,  in  a  more  altered  state  than  the  corresponding 
rocks  on  the  north-western  side  of  the  thrust.  We  may  search 
long  among  them  without  detecting  any  clastic  grains,  nearly  the 
whole  of  the  quartz  and  felspar  being  of  an  authigenic  character. 
Besides  this  difference  the  average  size  of  the  granules  in  the 
granulitic  mosaic  is  greater  than  in  the  Tarskavaig-Moine  schists, 
the  white  mica-flakes  on  the  foliation-planes  are  larger,  and  are 
mixed  with  many  flakes  of  biotite,  while  garnets  are  both  more 
common  and  of  larger  size.  Veina  of  quartz  and  felspar  are  also 
thicker  and  more  numerous.  Moreover,  the  specially  micaceous 
schists  are  much  more  lustrous  than  the  corresponding  rocks — the 
phyllites — on  the  other  side  of  the  thrust,  and  the  mica-flakes  in 
them  are  often  large  enough  to  be  easily  distinguished  by  the 
unaided  eye. 

On  the  east  side  of  Kyle  Rhea,  and  near  Camas  a'  Mhuilt  and 
AUt  Bealach  na  Coise,  the  rocks  next  the  Lewisian  gneiss  are 
granulitic  siliceous  flagstones.  In  the  schist  areas  further  to  the 
south-west  the  material  lying  next  the  gneiss  is  in  most  places  a 
thin  pale  siliceous  schist,  covered  by  a  considerable  thickness  of 
more  micaceous  schist  with  subordinate  siliceous  beds.  A 
distance  of  only  six  or  seven  miles  intervenes  between  the  tracts 
in  which  these  two  types  of  rock  next  the  gneiss  are  found,  and 
no  great  fault  or  thrust  is  known  to  exist  in  the  interspace.  It 
may  be  suggested  that  the  Moine-schists  may  overlap  the  gneiss,, 
and  that  those  portions  of  them  which  lie  next  the  gneiss  in  the 
south-western  part  of  the  district  gradually  thin  away  in  a  north- 
easterly direction.  No  conglomerate  or  breccia  has  been 
detected  at  the  undisturbed  junctions  of  the  schists  and  the 
gneiss.  The  clearest  of  these  junctions  are  to  be  seen  near  Tor- 
more  and  Meall  Buidhe.  The  foliations  of  the  two  rocks  are 
parallel,  and  no  structure- lines  have  been  observed  in  the  one 
rock  that  cannot  be  paralleled  in  the  other.  The  gneiss  dis- 
integrates more  readily  than  the  Moine-schist,  and  recedes  from 
it   in   weathered   scars.       It  also   displays   somewhat   brighter 
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^^^■^  colours,  $ub-paiuUel  stre&ks  of  red  aud  green  b^ing  common,  i 

^^^1  thiit  the  line  between  the  two  rocks  can  uaaally  be  fixed  '   '" 

^^^H  a.  few  iiichea. 

^^^H  The  rocks  which  crop  out  on  the  coast  to  the  north-west  of 

^^^1  Bogha  Charslice  and  continue  thence  to  beyond  Toi^nore,  extend- 

^^^1  ing   also   for   varying   distances   inland,    include   a    considerable 

^^^V  proportion    of     highly    micaceous     Bobiste.         In     some     places 

^^^1  the  siliceous  bandtf  preponderate,  but  none  of  them  have  been 

^^^P  mapped  out  except  that  which  lies  next  to  the  gneiss.     As  tho 

^^M  moi-e  micaceous  schists  are  repeatedly  seen  near  the  gneiss,  while 

f  the  more  massive  siliceous  rocks  of  lludha  Phoil  and  Rudha  Dubh 

I  never  are,  it  seems  probable  that  these  last  rocks  come  above  the 

i  former.  They  may  lie  on  the  same  stratigraphical  horizon  as  the 
gritty  rocks  wbicli  foim  so  large  a  proportion  of  the  Tarskavaig- 
Moine  schists. 


The  more  micaceous  schists  are  usually  of  a  dark-grev  or  leadei 
"  ■    ■       ed  sili.  ■      '■ 


colour.  Sloat  of  the  thin  interbeddeti  siliceous  bauds  varj'  in 
thickness  from  one  to  six  inches,  and  being  harder  than  the 
micaceous  bands  they  project  ou  the  weathered  face,  where  they 
show  the  numberless  isoclines  into  which  the  rocks  have  been 
folded.  At  different  places,  distant  respectively  from  Tormore 
half  a  mile  north-east,  300  yards  E.S.E.,  and  a  quarter  of  a  mile 
east,  some  of  the  siliceous  laminie  contain  specks  of  red  felspar, 
about  the  size  of  small  peas,  which  show  cleavage-planes  right 
across.  These  are  probably  clastic  grains.  A  quarter  of  a  mile 
east  of  Tormore  some  large  blocks,  tumbled  from  the  cliffs  above, 
show  alternatiug  thin  bands,  some  of  which,  as  much  as  six 
inches  thick,  are  slif;h(]y  calcareous,  and  also  contain  specks, 
about  the  tiizc  of  small  jieas,  of  granulitic  quartK,  more  rarely  of 
felspar.  The  different  granules  of  the  granulithie  quartz  specks 
adhere  together  in  the  weathered  face  and  project  somewhat  from 
the  calcareous  areas  around,  so  that  they  still  resemble  pebbles, 
though  thoroughly  granulitic.  They  are  also  nearly  free  from 
mica-flakes,  so  common  in  the  matrix.  Neither  the  quartz  nor 
the  felspar  specks  are,  as  a  rule,  much  elongated  at  tnis  place. 
Some  of  the  bands  which  look  like  old  pebbly  strata  gradually 
diminish  in  thickness  until  they  are  represented  merely  by  rows  of 
scattered  quartz-specks,  embedded  in  a  micaceous  matrix.  The 
original  sediments  out  of  which  ihese  metamorphic  rocks  have 
been  produced  appear  to  have  consisted  of  a  close  association  of 
fine  and  coarse  materials. 

Veins  of  quartz  and  felspar,  common  both  in  the  siliceous  and 
more  micaceous  schists,  occasionally,  as,  for  instance,  in  Camas 
a*  Mhuilt,  have  a  thickness  of  as  much  as  18  inches.  The  felspar 
in  these  veins  is  generally  red,  and  free  from  granulitisation.  In 
Specimen  No.  7343,  from  a  vein  at  the  nori;£-east  end  of  Eilean 
Maol,  the  felspar  is  plagioclase,  either  oligoclase  or  albite. 
Small  specks  of  carbonate  abound  in  the  veins  which  contain 
felspar.  In  some  places  also  large  flakes  of  black  mica  or  chlorite 
may  be  observed  either  within,  or  at  the  sides  of,  the  veins. 

The  directions  of  stretching  often  make  considerable  angles 
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with  those  of  the  dip.  In  Camas  a'  Mhuilt  and  Camas  Croise, 
when  the  dip  is  towards  south-east  or  east,  the  stretching  is 
E.N.E.,  and  as  the  observer  looks  towards  the  quarter  opposite  to 
that  of  the  dip  the  stretching  lines  appear  to  incline  down  towards 
his  right  hand.  In  other  parts  of  Camas  Croise,  moreover, 
where  the  foliation-planes  are  vertical  and  strike  nearly  east  and 
west,  as  one  looks  towards  the  north  the  stretching  lines  again 
incline  down  towards  the  right. 
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i— LIST   OP    PLACES    WHERE  CAMBRIAN    FOSSILS    HAVE    j 
BEEN   COLLECTED. 

DuBNGss  District.     (Sli.  114.) 

1.  Old  quarry,  close  to  road,  Etailamhuic,  Durness. 
2    Baile  na  Cille  (BiOnakiel)  Bny.  below  old  church,  1  mile  W.N.W. 
of  Durness. 

3,  On  cliff,  500  yards  west  of  Baliiakiel  old  church,  lj|  mile  W.N.W. 

of  Diirncea. 

4.  West  aide  of  Loch  OroiRaphuill,  opposite  manse,!  ™'1b  west  of 

Diirueae, 
Q.  Ou  hill-stope,  400  yai-ds  S.S.W.  of  manse,  J  mile  S.W.  of  Dumen. 

6.  East  side  of  Loch  Boiralaidh,  opposite  island,   ]i   milo  S,W.  of 

Diirness. 

7.  Pier  at  Eeoldale,  '2  miles  S.W.  of  Daraess. 

8.  Quany  at  Past  Office.  Diimew. 

9.  Cnoc    Adi    na   h'  Anaile,  uear  road^  2  miles   S.S.W.  of  Dumes 

{"Serpidite  Grit"). 
9a.  Cnoc  Ach  na  h'  Anaile,  nenr  road,   2  miles  S.S.W.  of  Durness 

{Salterella  Limestone). 
9b.  Shore  at  Eeoldale  road-end. 

10.  Quarter   mile  west  of  Loch  Meadaidh,  2  miles  south  of  Durness. 

11.  B«rklnch  Mor  Burn,  where  road  crosses,  3|  miles  south  by  east  of 

Durness. 

12.  Hill-slope,  near  Pictish  Tower,  south  side  of  bum,  j  mile  from  road, 

4  miles  south  by  east  of  Durness. 

1 3.  Allt  Ach  a  CboiTain,  .|  mile  S.S.W.  of  Loch  Meadaidh,  3  miles  south 

of  Duinefi.1. 

14.  Allt  Ach  ft  Cborrain,  left  branch  of  burn,  J  mile  S.S.W.  of  Loch 

Meadaidh,  3  miles  south  of  Durness. 

15.  River  Dionard,  Di-ochaid  Mhor,  5  j  miles  south  by  west  of  Durness. 

16.  Knoll,  west  of  road,  i  mile  S.S.W.  of  No.  15  locality. 

17.  At  shepherd's  house,  Rudba  Ghioidaidh,  head  of  west  branch  of 

Kyle  of  Durnes-s,  4  miles  S.S.W.  of  Durness. 

18.  Streamlet  near  Ghrudaidh  shepherd's  house,  head  of  west  branch 

of  Kyle  of  Durness,  4  miles  S.S.W.  of  Durness. 

19.  Shore  cliffs.  Port  Odhar,  1  miles  N.W.  of  Durness. 

20.  Eilean  nan  Cas  leac,  4J  miles  N.W.  of  Durness. 

21.  An  Garbh-eilean,  6  miles  N.W.  of  Durness. 

22.  Dubh-sgeir.  near  Eilean  Hoan,  3  miles  east  of  Durness. 
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EiRBBOLL.     (Sh.  114.) 

23.  An  t>Sron,  Camas  an  Duin,   I    mile  south  of  Heilem  Inn,  Loch 

EireboU. 

Inghnadamph.  (Sh.  101,  107.) 

24.  Roadside,  north  of  Ardvreck  Castle,  2  miles  N.N.W.  of  Inchnadamph. 

25.  Knockan  Craig,  near  Elphin,  11  miles  S.S.E.  of  Inchnadamph. 

Ullapool.     (Sh.  92,  101.) 

26.  Ullapool  River,  1  mile  north  of  Ullapool. 

27.  At  bridge,  ^  mile  east  of  Ullapool. 

28.  North  shore  of  Loch  Broom,  1  mile  S.S.E.  of  Ullapool. 

29.  Allt  Righ  Iain,  at  roadside,  9|  miles  south  of  Ullapool. 

30.  Bum,  400  yards  N.E.  of  Loch  an  Nid,  12|  miles  south  of  Ullapool. 

KiNLocHEWE.     (Sh.  82,  92.) 

31.  Abhuinn  Bruachaig,  1-|  mile  E.N.E.  of  Kinlochewe. 

32.  Abhuinn  Bruachaig,  a  little  further  down  stream. 

33.  Bum,  Meall  a  Ghubhais,  3  j  miles  W.N.W.  of  Klinlochewe. 

ACHNASHELLAGH  AND  ElSHORN.       (Sh.  81,  82.) 

34.  Allt  nan  Dearcaig,  1|  mile  N.  of  Achnashellach  Station. 

35.  Court  Hill,  Kishorn. 

Skye.      (Sh.  71.) 

36.  Top  of  limestone  knoll,  Suardal,  \^  mile  south  of  Broadford  Hotel. 

37.  West  side  of  Bealach  a  Ghlinne,  14  mile  south  of  Broadford  Hotel. 

38.  South  slope  of  Ben  Suai-dal,  2^  miles  S.S.W.  of  Broadford  Hotel. 

39.  Ben  Suardal,  side  of  Bealnch  a  Ghlinne,  1  j  mile  south  of  Broadford 

Hotel. 

40.  West  side  of  Ben  Suardal,  2  miles  S.S.W.  of  Broadford  Hotel. 

41.  Slope,  east  of  turnpike  road,  Suardal. 

42.  At  Loch  Lonachan,  3  miles  south  of  Broadford  Hotel. 

43.  Slopes,   north   and  N.W.   of   Loch  Lonachan,    2|  miles  south   of 

Broadford  Hotel. 

44.  Slope,  west  of  Allt  a  Mhuilinn,  1|  mile  south  of  Broadford  Hotel. 

45.  Shore  of  Loch  Slapin,  5  miles  S.W.  of  Broadford  Hotel. 

46.  Shore   of  Loch  Eishort,  ^  mile  north   of  Ord,  6  miles  south   of 

Broadford  Hotel. 

47.  Burn  at  head  of  wood,  |  mile  east  of  Tokavaig,  7^  miles  south  of 

Broadford  Hotel. 
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B.— CHEMICAL. 


AN  EXAMINATION  OF  DOLOMITES  FROM  DURNESS 

By  W.  Pollard.* 


Specimen 
No. 

8129.  Quarry,    150  yaixis   east   of    Sarigo    Bay.      Mottled    dolomite. 

Cr3'stals  of  carbonate,  mostly  with  irregular  outlines,  from 
'1  to  '3mm.  diameter.  Occasional  small  veins  of  limonite()) 
between  the  crystala  The  mottling  seems  to  be  due  to  very 
minute  black  grains  included  in  many  of  the  crystals.  The 
crystals  which  outline  the  dark  patches  in  the  rock  appear  to 
contain  more  of  these  black  inclusions. 

8130.  Eilean   Hoaii.     Crystals  of  carbonate,    mostly    with    irregular 

outlines,  from  '08  to  '2mm.  diameter.  Occasional  grains 
and  veins  of  limonite.  Some  very  minute  black  grains  as 
inclusions,  less  plentiful  than  in  No.  8129. 

8131.  From  the  Eilean  Dubh  group,  Eilean  Hoan.     Compact  carbonate 

rock.  Crystals  of  dolomite,  with  irregular  outlines,  from  '005 
to  '003mm.  diameter,  and  occasional  quartz  grains  of  about 
the  same  size.     Small  veins  and  patches  of  limonite. 

8132.  Dolomitic  limestone  in  fucoid  shales,  near  Ghrudaidh.     Impure 

carbonate  rock  with  limonite  (?)  rounded  gi^ains  of  quartz, 
and  a  pleochroic  minei*al,  possibly  hornblende.  The  crystals 
of  cai'bonate  vary  considerably  in  diameter  (from  '6  to 
•05mm.).     The  rock  is  obviously  of  organic  origin. 

8133.  Big  Croisaphuill.     Bands  of  crystalline  carbonate  (crystals  about 

•2mm.  in  diameter)  with  some  limonite,  and  crypto-crystalline 
silica,  containing  crystals  of  carbonate  (from  •I  to  •2mm. 
diameter).  There  are  minute  black  grains,  possibly  carbon, 
included  in  the  dolomite  crystals.  (From  the  analysis  given 
later,  it  will  be  seen  that  the  ciystals  in  the  bands  of  crypto- 
crystalline  silica  are  almost  entirely  calcite.) 
8283.  Eilean  Dubh  group,  A'Ghoil  Sgeir,  near  Eilean  Hoan.  Compact 
carbonate  rock.  Crystals  of  carbonate,  with  more  or  less 
in^gular  outlines,  occasional  veins  of  limonite,  and  small 
carbonate  crystals.  Some  short  veins  of  micro-crystalline- 
quaitz.  In  the  slice  there  is  one  pat^li  of  carbonate  crystals, 
larger  than  the  main  mass,  with  Y-shaped  markings  of 
limonite,  probably  formed  by  decomposition  of  crystals  of 
sidente. 

*  This  report  wiis  pre]  tared  at  the  end  of  1898. 


i36  Uaoloyy  of  thf.  A'urth-n'M  HiijhhintU 

The   Bpeciliu  gravity  oF  these  rocks  hIidws  u  very   smull  vitntitioii 
:uin[aratively,  as  is  seen  by  the  following  list: — 


ap.rfr 


SPBflllKNB   t 


I  HAVE  SEEN  sucen. 


Na. 


8139.  QiimTy,  150  yni-ds  bb^  of  Sniijio  lifty,  Dumese,     . 

8130.  Eilean  Boaii,  '2j  mileti  east  of  DitcnesB, 

8131.  EileauHoRn,  Durnesn,       .  .  .  . 

8132.  Dolomitic  limei^toue  in  fucoiil  shales,  iienrOhrudaidh,  Kyle 

of  Durness,         ...... 

8133.  Big  Croisiiphuill — Coarse  part  (dolomit*), 

Compact  part  (cutcite  anil  silica), 
8283.  Eilean    Diibh   group.  A'Ohoil  Sgeir,  near  Eiloin  Hoan, 
Durness,  ...... 


I'he  fipeiiific  gravity  of  the  oth«r  spetin 


.s  follows  :- 


M.  2882. 
„  2883. 
„  2884. 


„  2901. 
„  2903. 
„  2905. 

„  2907. 
„  2911. 
„  2913. 
„  2916. 
„  2918. 
„  2919. 
„  2920. 
„  2D21. 


Eilean  Dubh,  Durness,  .... 

,,  „       group,  Snilmhor, 

„  „        l>a£e  of  cnottled  group,  Bailmliur, 

Mottled  lime»«toue,  Eil«)in  Houn, 

Dolomitiu      ,,  ..  „  2j  mile«  eiist  of  Duiuess, 

Middle  of  mottled  group,  east  of  Sailulior, 
Flaggy    beds,   middle    ol*   Eilean   Dubh    group,    near 
Sftilmhor,    ..... 
Dolomite  above  chert,  h&tie  of  ^ngomoi-e  group, 
Near  top  of  mottled  gi-oup,  Sailnihor,  . 
Lime'itDue  Skerry,  Rnile  iiii  Oille  Bay.. 
Overlying  chert  bed,  Snngomore, 

Tbin  band  of  dolomite  in  Big  Crotaaphuill,  east  aide  of 
L.  Bormlatdh,         ..... 
About  middle  of  mottled  group,  Sailmhor, 
Roadside,  250  yards  east  of  Raogomore, 
Top  of  Eilean  Dubh,  Sailmhor,  max. 

Limestone  Skerry,  Baile  na  Cille  Bay,. 


.  SaUei-ella  Series,  Ghrudaidb  group, 


.  2-80 
.  2-85 
.  2-84 
min.  2-73 
.  2-82 
2-84 


The  highest(2'86)  are  M.2685  and  2913.  Thelowest(2-7d)U.2921,as 
the  compact  part  of  Big  Groisaphuill,  cannot  well  be  considered,  consist- 
ing, as  is  seen  ffom  the  analysis,  of  over  50  per  cent,  of  silica.  It  seems 
that  the  above  specimens  are  in  all  probability  all  dolomites  (with 
perhaps  one  or  two  exceptions)  of  a  greater  or  less  degree  of  purity. 
A  chemical  analysis  was  made  of  the  six  specimens  whitSi  were  sUced, 
the  results  of  which  ai-e  given  below.  Attention  should  be  drawn  to 
No.  8132.     The  analysis  given  is  from  a  sample  taken  from  the  huid 
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specimen  near  to  where  it  was  sliced.  Later  on  some  of  the  residue 
was  wanted  for  a  microscopical  examination,  and  a  fresh  chip  was  taken 
from  the  hand  specimen.  The  amount  of  residue  in  this  sample  was 
over  5  per  cent,  lower  than  in  the  first  one.  It  is  probable  that  the 
amount  of  residue  would  vary  considei-ably  in  different  samples  of  the 
rock. 


Nos.  of  specimens    . 

8129 

8130 

8131 

8132     1 

8283 

Specific  gravity 

2-84 

2-85 

2-82 

2-81 

2-85 

Part  insol.  dil.  HCl. 

1-83 

2-42 

15  81 

28-96 

201 

SiO, 

-16 

-11 

•29 

•49 

•07 

FeO 

— 

•34 

•32 

1-52 

•35 

Fe,03 
A1,0, 

}     -21 

1     -28 

1      36 

•29 
50 

.     -10 

PA 

trace  (?)       trace 

-05 

•62 

trace 

MnO 

•17             -24 

-19 

•33 

trace 

CaO 

29-65        30-05 

25-40 

21-73 

3009 

MgO 

21-53         20-25 

18-24 

13-61 

20-83 

CO2 

• 

46-62         46-15 

39-65 

31-45 

46^59 

H,0  (at  105^0.) 

•09 

\     "28 

H,0  (above  105^0.). 

— 

70 

10017 

99-84 

100-31 

1  100^29 

100^32 

Ratio  of  CaO     : 

MgO 

:     OO2 

8129 

1           : 

1^02 

2-0 

8130 

1-06 

2^07 

8131 

1 

.  1-99 

8132 

1-14 

.     2-10 

8283 

.      1-03 

203 

Xote. — A  rough  analysis  of  M.2921,  specific  gravity  2-73,  gave  Insoluble  Residue 
19  9  per  cent.,  FeaOa,  AUO3,  1-7,  MgO  4'4,  CaO  38-0— so  this  is  a  dolomitic 
Umestone,  not  a  dolomite.  The  specific  gravity  showed  it  was  prol^ably  a 
limestone. 

Specimen 

No.  ^ 

8129.  The  residue  insoluble  in  hot  dilute  liydrochloricacid  was  blackish. 
About  50  grams  of  the  rock  was  dissolved  in  HCL,  the 
residue  boiled  three  or  four  times  with  fresh  changes  of 
HCl.  finally  washed  by  decantation  and  dried  at  lOO^C. 
Under  the  mici-osoope  a  fine  black  powder  was  observed, 
mixed  with  the  silica,  &c.  On  igniting  the  powder  it  became 
white,  and  ignited  with  copper  oxide  CO^  was  given  oflT.  The 
loss  on  ignition  of  this  rasidue  was  about  3*4  per  cent.,  or, 
calculated  on  the  original  rock,  -06  per  cent.  Hence  the 
mottling  is  probably  due  to  finely- divided  carbon  in  the  rock, 
and  about  •Ofi  per  cent. 

8131-8132.  The  residue,  insoluble  in  acid,  consists  mainly  of  silica,  with 
some  iron  and  alumina. 

8133.  Big  Croisaphuill.  The  compact  part  was  separated  from  the 
crystalline  part  and  the  two  analysed  separately. 


of  llu:  Korth-  ir^i  ITighlandi. 


CcoTse  CryataUiDe 
part. 

Compfu-t  pan. 

Specific  gravity 

2-78 

2-67 

Part  inBol.  HCl 

173 

56-01 

SiO.          ,         ,         .         . 

■13 

■32 

FeO          .                  .         . 
Fe,0„Al^, 

■16 
■13 

}         - 

MnO        ... 

■36 

traco 

OaO         .                         . 

32-54 

22-43 

MgO        . 

19-06 

1-40 

CX)..        .        . 

45-82 

19-34 

H^        .        . 

— 

■31 

99-82 

99-88 

The  ratio  CaO  :  MgO  ;  CO,  in  the  crystalline  part  ia  116  : 1  r  2-09,  M 
tliere  is  probably  a  small  amount  of  calcium  carbonate  with  the  dolomite. 

The  residue  of  the  compact  pai't  consists  almost  entirely  of  silica 
(99-2  per  cent.).  Crypto-ciyHtalLine  silica  ueuiilly  contains  a  considN^ble 
nmount  of  water  (2  per  cent,  or  more),  but  in  thie  case  there  is  biuilly 
any. 

From  the  above  annlyHes  and  specific  gravity  determinations,  pmcti- 
cftUy  all  these  epeciinenR  are  dolomites.  Nob.  8132  luid  8133  (crystalline. 
part)  contain  mther  more  CaOOa  than  is  i-equired  tor  dolomite. 

A  niiniber  of  .tnalyse.s  of  liniestoneK  from  8iitlieiland shire  were  mnde 
by  Dr.  Anderson  [^Report  of  the  ffighland  attd  Agneultural  Socittt/, 
1851-53,  p.  273],  twelve  of  which  are  more  or  less  of  interest  in 
connection  with  this  district.  The  localities  are  given  below  with 
percentage  of  CaCOj  and  MgCO^. 


I 


CJaCOg 

MgCOj 

4 

Knockdu  Elpine,  bluish  grey 

41-58 

33-47 

5 

greenish  grey  with  1 

53-77 

41-01 

marble-like  texture                    . .  ) 

K 

Durness 

9001 

6-50 

7 

EireboII,  from  seaside 

51-04 

41-36 

fl 

„        powdered  limestone 

49-50 

40-85 

9 

Achmore,  pale  bhie-grey 

5351 

43-20 

10 

„        darker  and  more  crystalline 

54-88 

41-85 

11 

Stronchrubie,  white  crystalline 

45-79 

48-72 

\'X 

„             dark  grey 

4800 

4201 

I.H 

Kirktown        

60-21 

41-22 

14 

Ledbeg,  nearly  white  crystalline 

90-6 

8-2 

15 

„        grey  and  earthy 

61  33 

4108 
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Dr.  Anderson  points  out  that  the  large  amount  of  magnesium  prevents 
these  limestones  from  being  of  much  use  in  agriculture. 

Professor  Heddle  {Min.  Mag.,  iv.,  239)  quotes  Dr.  Anderson's  analyses 
and  gives  three  analyses  of  Durness  limestone. 

It  may  be  of  interest  to  give  the  following  two  analyses  of  specimens 
from  Strath,  Skye,  which  were  made  for  Mr.  Harker. 


Specimen  numbers 

8063 

8064 

Specific 

gravity   . . 

2-85 

2-86 

Part  insol.  HCl.  .  . 
SiOa 

226 
•50 

} 

r72 

Fe^Oa 
AI3O3 

• 

•45 

•34 

MnO 

•22 

•19 

OaO 

3050 

30-53 

MgO 

2M9 

20-81 

CO3 

44  54 

46-25 

99-66 

99-84 

Ratio  of  CaO 

8063  .         .     1-03 

8064  .         .1-05 


MgO 
1 
I 


CO;, 

1-91 
202 


It  is  most  probable  that  where  there  is  more  CaO  than  the  amount 
required  by  the  MgO  to  form  dolomite  the  CaO  is  present  (combined 
with  CO 3)  as  calcite ;  that  is  to  say  that  the  specimen  is  mainly 
dolomite,  with  a  little  calcite  [as  in  8132  and  the  crystalline  part  of 
8133].  The  action  of  1  per  cent.  HCl  was  tried  on  one  of  Mr.  Harker's 
specimens  for  varying  lengths  of  time  (15  and  25  minutes  about)  and  the 
ratio  of  CaO :  MgO,  which  was  dissolved,  deteimined.  Two  parallel 
experiments  with  a  mixture  of  calcite  and  magnesite  (in  the  proportion 
of  CaCOj  -|-  MgCOg)  were  also  made.  In  the  case  of  the  dolomite  the 
ratios  were  1-03  CaO  :  1  MgO  and  1-06  :  1,  whilst  in  the  mixture  1-4 
CaO :  1  MgO  and  16  CaO  :  1  MgO.  The  ratio  of  CaO  :  MgO  dissolved 
by  water  saturated  with  CO 2  at  ordinary  temperatures  was  tried  on  the 
same  sample  and  on  a  sample  of  8129  (M.2895).  A  blind  experiment 
with  calcite  and  magnesite  was  made  also. 

In  the  case  of  the  dolomites  the  ratio  was  CaO  :  MgO  =  1-3:1  and 
I -01  :  1,  whilst  in  the  blind  the  ratio  was  CaO  :  MgO  =  5^9  :  1.  It 
seems  hence  practically  certain  that  we  have  true  dolomites,  and  not 
mixtures  of  calcite  and  magnesite. 

It  would  be  interesting  to  examine  the  behaviour  of  dolomitic  lime- 
stones, which  contain  more  calcium  and  less  magnesium  than  true 
dolomite,  in  dilute  acids,  as,  although  much  has  been  done  in  that 
direction,  the  results  vary  greatly.  [References  given  in  Zirkel  Petro- 
graphies vol.  iii.,  1894,  p.  495. J  [Action  of  COg  Doelter  &  Hoemes 
Jahrb  d,  K.K.  Geol  Reichst.,  xxv.,  300.] 
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Actinolite-schists  without  either  quartz 
or  felspar,  245. 

Adams,  F.  D.,  45. 

-ffigirine-felsite,   449. 

Agalmatolite,  indicative  of  an  ancient 
Cambrian  floor  of  deposition,  114, 
115,  148,  363,  396,  498,  499,  501. 

Aird  of  Sleat,  265,  618. 

Alligin,  322. 

Allt  a'  Mhuilin  (Assynt).  523,*  524. 

(Skve),  426,  579,*  580. 

Ealag,  524,*  525. 

nan  Clach  Aoil  (Assynt),  524.* 

Righ   Iain   (Strath   na   Sheallag), 

412. 

Altbea.       See  Aultbea. 

Amazonstone  in  pegmatite,  102. 

Amphibolite  of  the  Fundamental  Com- 
plex, 57-59,  131,  158,  159,  173,  262. 

Am  Pollan,  524,*  525. 

Analyses :   andesine-labradorite,  52. 

segirine-felsite,  449. 

cegirine-granulite,  444. 

Beinn  na  Seamraig  grit,  356. 

biotite-schist,  76. 

brucite,  454. 

cummingtonite,  84. 

cummingtonite-garnet-schist,    83. 

diopside,  456. 

dolomite,  82. 

ferriferous  (partial),  231. 

forsterite,  457,  458. 

gamet-quartz-pyroxene-gneiss,    56. 

garnetiferous  mica-schist,  77. 

graphitic-schist  (partial),  79. 

hornblende-gneiss,  67. 

homblende-porphyrite,  451. 

microcline-mica  dyke,  143. 

mylonised  pegmatite,  214, 


Analyses :  mylonito,  248. 

nepheline-borolanite,  448. 

picrite,  86. 

quartz-hornblende-rocky  80. 

quartz-magnetite-rock  (partial),  80. 

quartz-pyroxene-gneiss,    56. 

spessartite,  84. 

Torridonian  magnetite-band,  358. 

An  Corr  Eilean,  485.* 

Garbh  Eilean,  391,  495. 

Ruadh-Stac,  558,  559,  561,  562. 

Sgorr  (Loch  Carron),  566,  567. 

t-Sron,  481,  482,*  483,  484,  485, 

Teallach,  270,  407. 

Andalusite,  227. 

Andebson,  T.,  454. 

Annat,  313. 

Anthophyllite-bearing      rocks,      48-49, 

88-89,  110,  129,  130,  131. 
Applecross  area,  general  description 
of,  334-339 ;  topographical  features 
of,  334 ;  geological  structure  of,  337  ; 
Aultbea  group  in,  338';  thickness  of 
strata  in,  338 ;  volcanic  necks  in, 
338. 

group  (Torridonian),  general  de- 
scription of,  274 ;  petrography  of, 
286 ;  overlap  of,  335 ;  pebbles  of, 
337  ;  description  of,  from  Cape  Wrath 
to  Loch  Lurgan,  301,  305,  307-308; 
from  Coigach  to  Loch  Maree,  315- 
317,  318  ;  from  Loch  Maree  to  Kis- 
hom,  327,*  331-338,  341,  346;  in 
Skye,  349,  350,  359-362. 

Arkle  (Arcuil),  490,  491,*  492;  early 
basic  rocks  at,  117 ;  granitic  dykes 
at,  120,  121  ;  pegmatites  at,  122,  123. 
Cambrian  rocks  on,  492. 

Armadale,  267,  617. 

Arnaboll  thrust-plane,  466,  477,  479,* 
480,  481,  482,*  484,  485,*  487,*  488, 
489,*  490,  491,*  492. 

Assynt,  progress  of  geological  research 
in,  11,  12,  14-19,  22,  24-27,  32,  428, 
429  ;  Fundamental  Complex  of  Lewis- 
ian  gneiss  of,  46,  47,  51,  52,  53,  57,  63, 
157-161  ;  ultra-basic  rocks  in,  157- 
158 ;  early  basic  rocks  in,  158-160 ; 
pyroxene-gneiss  of,  160-161 ;  pre- 
Torridonian  ultra-basic  dykes  in,  85, 
87,  163-165  ;  basic  dvkes  in,  161,  162  ; 
enstatite-diabase  dykes  in,  91,  162; 
hornblende-diabase  dykes  in,  91,  162 ; 


An  asterisk  {*)  after  a  number  indicates  that  a  diagram  of  the  subject  will  be  fonnd  on 
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transition  from  hyperite  to  epidiorit« 
in,  96,  162  j  bit.HteKUorite  dykes  in, 
99,  162.  163. 
AMyiit,  Cnmhrian  rocks  of,  396-403;  cm- 
tact  metamorptiism  of  dolomite  in, 
453-462 ;  post -Cambrian  igneoas 
rockg  in,  their  dJRtribution,  428-43S  ; 
r  petrography,  440-452;  preTor- 
>nt  in,  165- 
I.  275.  299«. 

'    post-Cambrian       tnovementa       in, 

scneul     dpsrriptjon     of,     508-525 ; 

Moine    thrust-plane    in,    508,    510  • 

511,  5ja,»  514,  517,  619,»  523."  524.* 

525. 
Moinc  schists  in.  general  dcBcrip- 

tton  of,  608-610 ;  references  to,  510,» 

511.  512.«  519." 
Aagen-gn«is»  of  FnndnmentftI  Ooinples. 

70,  179,  180,  197.  199-200,  201,  202, 

247. 
Anltbea   group,   274;   from   Coif;ach   to 

I-och  Mni-ee,  317,  318-321  ;  front  Loch 

Maree  to  Cishorn,  338,  ^9. 
Axinite,  97,  243,  244. 


Biuiatno,  329. 
BadnD  Vugie,  325. 
Bnddinahttn,  159,  163. 
Bnlgy  River,  257,  325. 
Balmacnra,  345,  672,»  573.  601. 

thrust-plnne,  56B,  566,  56! 

570,»  571,  B72,»  573. 

Balnakiel  Bay,  487,*  488. 

limestone,  366,  368. 

palieontology    of. 


387. 


379,    380- 
DnmesE, 


developed     in 

389-390, 

inSkye,  424-427. 

BAnnow,  G.,  143,  231,  248. 

Basal  breccia  nnd  conglomerate  (Tor- 

Hdonian),  273,  308,  315,  328,  363-554. 
Basal   conglomerate     (Cambrian),     366, 

391,  396,  400,  405,  418. 
Basic  rocks  of  the  Fundamental  Coiii- 

plei.  111,  112,  117,  118,  131-133,  251. 
nnd  hornblende  gneisses,  195- 

198.  , 

dykes   and   sills   of  pre-Torridon  ■ 

age,  36  ;  petrography  of,  89-98  ;  j 
description  of,  in  thoir  several  dis-  . 
tricts,  119,  120,  126,  131,  132,  138- ' 
142.  148,  149,  150.  151.  152,  161,  , 
162,  163,  183-187,  203-211,  215,  238- 1 
244,  251-252.  256-257.  259(0,  268 ; 
successive  intrusion  of,  139,  140,  , 
173,  186. 

Bealach  Mhairi,  482,»  483,  484. 

Mor  (DHmesR  bssin).  390.  \ 


■'Belt  of  Complicafion"  in  N.-W. 
Highlands,  summary  reference  to, 
7-9  ;  general  description  of,  463-473 ; 
variation  in  breadth  of,  469,  SOS, 
526,  528,  530,  538,  539,  580. 

in  Durness  basin,  478.  479,*  480, 

487  ;•  in  EireboU  district,  480-492; 
from  Loch  More  to  Looh  Gleiicool, 
493-507  ;  in  Assynt.  between  Loch 
Glenoonl  and  the  Cromalt  Hills.  508- 
525 ;  from  Elphin  to  Strath  n« 
8heatUg.  526-638;  from  Straih  na 
Sheallag  to  Achnash»nach,  539-557  ; 
from  Achnashcllach  to  Kishom.  bi'A- 
666  ;  from  Loch  Kishom  to  Locb 
Alsh,  565-573  ;  in  Skye,  574^94. 

Beion  a'  Bhacaidh,  112. 

Chaagoin  Mor.  186.  191,  198, 

199,  218. 

Chlaidheimh,  277. 

Mhuinidh,  543,  544,*  549. 

Aird  da  Loch,  396,  499.  500. 

Airidh  a'  Char,  193.  203,  206,  217, 

218.  219,  222.  224,  225,  236,  238.  239, 
242. 


Fhuarain  (Assynt),  519.  520. 

Fhurain  (Assynt),  512,»  513. 

Arnaboll,  116.     See  vsosn  Anx^ 

boll. 
Blian  of  Applecross.  33S. 

Damh,  322,  559,  660.* 

— ^-  Dearg.  255,  276,  327. 

Bheag   (Wtrath   na    Sheallag), 

173,  175.  176,  184,  187,  311,  314. 

Dreavie.  275,   298, 

KJghe,   322,   411.   412,   549,    650,* 

558. 

— -  Garbh  (Assynt),  303,  512.* 

Lair,  69,  199,  223,  224.  225,  226, 

227,  229,  258,  239,  242,  244,  246,  247, 
248,  273,  315. 

- —  Liath   Mhor,   555,  556,"  557,   559, 

Lice,  396,  399.  437,  494,»  495,  497, 

604.  606,  607. 

Mors  Coigach,  279,  316. 

Caillich  (Broadford),  348,  418, 


421, 


-  Seamraig,  578." 

grits,       from 


Eis- 
L   Skye, 


horn  to  Loch  Alsh, 
349,  356-367,  570.«  571. 

-  Raimh,  570,  571. 

Beidh,  303. 

Shieldaig,  254.  325. 

Tarsninn,  277. 

Thutaig,  487,-  602,  603. 

-  Uidhe.  437.  505.*  510,*  511,  513. 
Ben  Aflak  365,  356,  357, 

Bt'n  Hope,  604. 

Ben  More  (Aasynt),  155.  171,  470.  512,* 
514,  515".  517.* 


Index. 
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Ben  More  thnut-plane,  466,  467, 
468,  470,  471,  472,  506,  508,  510,* 
512,*  513,  516,*  516,  517,*  519,*  620, 
521,*  522,  523,  524,*  525,  531,*  532,* 
533,*  534,*  536,*  539,  540,*  548. 

Ben  Stack,  49,  91,  93,  136,  148,  395. 

Ben  Suardal,  348,  421,  422,  425,  426, 
427,  579,*  580. 

Ben  Suardal  limestone,  424,  426.  See 
ALSO  379-387  (Palteontology). 

Ben  Suardal  thrust-plane,  418,  468, 
579*   580,  581,  582. 

BiLLiNOB,  E.,  381,  386,  387. 

Biotite-diorite  dykes,   99,  162-163. 

Biotite-gneiss  of  Fundamental  Com- 
plex, petrography  of,  65-69  ;  classifi- 
cation of,  66 ;  analysis  of,  67 ; 
ffranulitic,  68  ;  description  of,  m  its 
different  districts,  113,  114,  115,  116, 
118-119,  136-138,  166-168,  179,  180, 
198-203,  251,  259,  262. 
Biotite-rocks,  117,  128,  193,  200. 

Blaks,  J.,  384,  385. 

Blown  gand  on  Torridonian  mountains, 
307  317 

BoNNBY,  T.  G.,  23,  27,  251,  429,  546. 

Borolanite,  general  description  and 
petrofinraphv  of,  429,  431,  441  ;  dykes 
of,  41^  ;  foliated,  431. 

Brackloch,  164,  170. 

Breabag  (Assynt),  518,  519,*  520. 

Breccia.     See  under  Basal  Breccia. 

Broadford  (Skye),  Torridonian  strata 
near,  360-361  ;  Cambrian  rocks  near, 
417,  420,  421,  424-427;  post-Cam- 
brian movements  near,  577,  578,* 
579,*  580,  581. 

Brochel  Castle  (Baasay),  340,  341. 

Bbooobb,  W.  C,  101,  102,  429,  449,  450. 

Brucite  in  altered  dolomite,  454. 

Busbheinn,  210,  222. 


0 


Cadbll,  H.  M.,  31,  32,  309,  373,  471, 
472   473   604. 

Cadha  Beag,  69,  174,  178,  180,  181, 
183,  184. 

Cailleach  an  Sniomh,  510,*  511. 

Cailleach  Head,  287,  312,  320. 

Calcareous  bands  and  limestones  in 
Lewisian  gneiss,  81-82,  215,  216,  217, 
230-237,  265;  in  pre-Torridonian 
shear  zones,  148,  149,  210,  242;  in 
Moine  schists,  479,*  598,  599,  600, 
601,  602,  604,  605. 

streaks  in  Torridonian  rocks,  287, 

305,  325,  340,  342,  349,  355,  358, 
360. 

Callaway,  C,  22,  24,  25-27,  429,  483, 
485,  499,  504,  517,  522,  524. 

Cambrian  series,  general  remarks  on, 
5-7 ;  {)08ition  of,  in  the  geological 
succession  of  the  N.W.  Highland,  6, 

82 


9 ;  history  of  the  investigation  of, 
11-32 ;  general  account  of,  363-368  ; 
topographical  features  of,  5,  6,  367, 
394,  400,  405,  407,  408,  409,  411,  417 ; 
conditions  of  deposit  indicated  by, 
368-371. 

Cambrian  series,  comparison  of  fauna  of, 
with  that  of  N.  America,  375,  387;  dolo- 
mites, limestones,  and  cherts,  mainlj 
due  to  plankton,  370,  371 ;  dolomi- 
tisation  of,  followed  closely  upon  de- 
position, 371. 

jxalfeontology  of  lower  sub- 
division, 372-376 ;  middle  and  upper, 
376-387 ;  Genera  of  Fossils  hitherto 
obtained  from  Acrothele.  374  ;  Arehao- 
scyphia^  380 ;  Arenicolitesy  372 ;  Arts- 
t<fzfe^  374 ;  Asaphiis  (Isotelu8\  379 ; 
Bathyunis,  386  ;  CcUathium^  380 ;  Cam- 
arella^  381 ;  Coleoloideaf  374 ;  Cono- 
rorrfphe  (Conocephalites),  375,  386 ; 
G\frtocera»,  378,  385;  Ectomaria^  382; 
Endoceias,  378  ;  Eocystites,  374  ; 
EopUria^  381 ;  Euchcuma^  381 ;  Euom- 
phal\is2l&^]  Helicotoma,ZS5;Hormot<jmaf 
382;  Hyolithes,  374;  Maciwea,  380,381, 
382,  390 ;  Murchisonia,  374,  378,  382, 
387,  390  ;  Nothozw,  374  ;  OUndlus,  374, 
375  ;  OlenelloideSy  375  ;  Oncocercu,  385; 
Ophiletay  381,  390  ;  OnoHti/niOj  382  ; 
Orthiitina,  381  ;  OrthoceraSy  384,  385 ; 
Paradoocides,  386 ;  PaUtina,  374 ; 
PUoceras,  378,  383,  384,  385,  390; 
PlaruditeSy  373  ;  Pleumt^miaria,  378, 
382,  383,  390 ;  RaphwUnna,  383 :  Khab- 
darifi,  378,  380,  381 ;  Salterella,  373, 
374,  375;  Scolithm,  372,  373,  374; 
SoUnopleurn^  386  ;  Triduispongxa^  380, 
381;  TrfH-olites  {Nautilm),  385,  300; 
sponge  spicules  in  cherts,  371,  378. 

contact  metamorphism  of  do- 
lomites and  limestones  of,  403,  421, 
424-425,  426,  427,  431,  453-462. 

sub-divisions  of — 

Dolomites  and  limestones — 
Durine  group,  365,  387,  390. 
Croisaphuill  group,  365,  379-387, 

389,  390,  391,  424-427. 
Balnakiel  group,  366,  368,  379, 

380-387,  389-390,  424-427. 
Sangomore  group,  366,  379,  389, 

391,  423-424. 
Sailmohr  group,   366,   368,   389, 

390,  391,  403,  423. 

Eilean  Dubh  group,  366,  377, 
389,  399,  403,  m,  416,  421, 
422-423. 
Ghrudaidh  group,  366,  375-377, 
389,  392,  &3,*  399,  401,  403, 
409,  421.  422. 
Sorpulite  (aalterella)  grit,  366, 
367,  370,  375,  389,  392,  393, 
394,  398-399,  401,  402,  404, 
406,  409,  412,  413,  414,  420. 
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Cambrian  series,  sub-divisions  of,  contd. : 

Fuooid   shales,    366,   367,    369-370, 

373-375,    389,    392,    393,    394, 

398,  400,  401,  404,  408,  409, 
412,  413,  414,  415,  419-420. 

Quartzite — 

Piped,    365,    366,    369,    372-373, 

388,  389,  391,  392,  395,  396, 
397-398,  399,  400,  402,  404, 
405,  406,  407,  408,  411,  415, 
416,  417,  418,  419,  433. 

False-bedded,  366,  369,  372,  388- 

389,  391,    392,    395,    396-397, 

399,  400,  402,  404,  405,  406, 
407,  408,  411,  416,  417,  418. 

description  of,  in  its  exten- 
sion from  Dumesb  and  Eireboll  to 
Loch  More,  388-394  ;  from  Loch  More 
to  Strath  Kanaird,  395-404 ;  from 
Strath  Kanaird  to  Strath  na  Sheallag, 
405-410 ;  from  Strath  na  Sheallag  to 
Kiahorn,  411-416 ;  in  Skye,  417-427. 

Cam  Loch,  305. 

Oanisp,  155,  162,  165,  166,  270,  304, 
518,  519.* 

porphyry,  304,  428,  429. 

Cape  Wrath,   48,    103,   105,   108,   109, 

110,  291,  294,  296,  308. 
Caradal  thrust-plane,   264,   592,   593,* 

594,  618. 
Carnmore,  70,  83,  102,   193,  198,   202, 

207,  209,  210,  211,  212,  213,  218,  237- 

238. 

OARrENTER,  W.  B.,  453. 
Cathrein,  a.,  57. 
Ceannabeinne,   103,  114. 
Cearcall  Dnbli.  263. 
Ceatlirainh  Garl)li,  104. 
Chalcopyrite,  231,   232. 
Chert,  bands  of,  in  Cambrian  doloniito 
and  limestone,  591,  422,  423,  424,  42^^ 

pebbles  of,   in  Torridonian  series, 

279,  280. 

Clilorite  schists,  209,  229,  238,  241-242, 

265,  267. 
Cill  Chriosd  (Kilchrist),  Skyo,  425.  426. 
Cleavage    produced     by    post-Cambrian 

movements,   389,   390,   422,   431.   470, 

478,  514,  524,  576,  585. 
CIo  Mor,  293. 
Clott;tt,  C.  T..  31,  64,  65,  73,  97,  102, 

103,  116,  125,  172,  190,  263,  291,  309, 

322,  348,  395,  417,  428,  459,  493,  574, 

604,  617. 
Cnoc  a'  Chaoiuinu  (Assynt),  523,*  524. 
an   Dn^i'^hinn   (Assvnt),  512.*  513, 

536. 

na     Olas     Choille  (ANsvnt)  524.* 

525. 

na  h-IMa,  118. 

na  Srnine,  pbitonic   mass  of,  430, 

431  :  petrn;^rrap}iy  of.  441  •  post-Cam- 
brian movements  near,  521,  522. 
523,*  524. 


Ooigach  HUls,  172. 

to  Loch  Mazee,  Torridoni&n  series 

from  :  Diabaig  gzoup,  313-315  ;  Apple- 
orosB  group,  315-318j  Aultbea  group, 
318-321. 

Coinne-mheall  (Conival),  513.  514, 
515,* 

Coire  a'  Mhadaidh,  512,*  516. 

Conglomerate  (1)  at  base  of  Moine 
schists,  571,  600,  616,  617. 

Conglomerates,  deformation  of,  Torri- 
donian, 470,  571. 

Cambrian,  471,   409. 

See  under  Baeal  Conglomerate. 

Contact    metamorphism    of    Cambrian 

dolomites  and  limestones,  403.  421, 
424,  425,  426,  427,  451. 

COOMABASWAMY,   A.   K.,   446. 

Coulin,  289,  539.  549,  551,  553,  554. 
Crann  Stacach,  103,  488,  489.* 
Creagan  Mor,  306. 
Creag  Chorcurach,  408,  536,*  537. 

Dionard,  465,  490,  491.* 

na   Faolinn,    116,  481,  484,  488, 

489,*  602. 
Croisaphuill  limestone,  365. 

palaeontology  of,  379-387. 

from  Durness  and  Eireboll  to 

Loch  More,  389,  390,  391. 

Sub  axso  424-427  (Skye). 

Cromalt  Hills,  524,*  525,  527.* 
Crowlin  Islands,  270,  339. 
Crush-conglomerate    in  Lewisian  gneiss 

east  of  Moine  thruist-plane,  601. 
Cul  Beag,  308. 

-      Mor.  307,  526,  527.* 
Cummingtonit^-uarntit      schist,       83-84 

238. 

CrrNMNGHA.M,    R.    HaY,    12. 

Cyanite-gneisK.     See  t'ndek  Kyanite. 

D 

Dana,  J.  D.,  284. 

Davies,  T.,  23,  241. 

Dawsox,  J.  W.,  383. 

Dei{bv,  0.  A.,  443. 

Diabaig  group,  274  ;  petrography  of. 
288  r  from  Capo  Wrath  to  ^Ja.w\\ 
Lurgan.  301,  302 ;  from  Coigach  t^- 
Loch  Maree,  313-315  ;  around  Loch 
Maree  and  Torridon,  324-327,  328- 
331,  340 ;  from  Kishom  to  Ix>ch 
Alsb,  342-346;  in  Skye,  349-359. 

I/ower,  324. 

Dick,  Allan,  358. 
Dionard  Rivor,  103. 

Diorite  of  the  Fundamental  Complex, 
177. 

Dolcrile  (Diabase)  of  the  pre-Torridon 
dyki^,  varieties  of,  89-96  ;  passage 
into  epidiorite  and  hornblende-schist. 
89,  94  ;  analysis  of,  95  ;  references 
to,  in  different  districts,  140.  203, 
204. 


Dolomite  in  the  Fandauental  Complex, 
131 ;  in  the  preeumabl;  altered  sedi- 
menta  of  the  LewiBian-gneiBS,  231, 
236 ;    Cambrian,    bee    dnvbb    Cam- 

Dnunbag,  167. 

Drnmnmie,  309. 

Diincraig,  345,  565,  567,  569,  570.* 

DundonneU,  309,    a71,  472,  635,  636,« 

537,  539,  541,*  612. 
Dunite,  47,  130. 
Dunne  limeetone,  365  ;  paleeontology  of, 

387  ;  description  of,  390. 
DurnoBS  (village],  58,  61,  67. 

and  BJreboll  district,  progreea  of 

geolcgical  research  in,  11,  12,  13,  14, 
16,  18,  24,  25,  26,  27-31,  482,  483, 
486,  488  ;  Lewieian  gneiss  of,  37,  58, 
68,  103,  106,  109-116;  Torridonian 
aerie*  in,  274,  291-295 ;  Cambrian 
kdcIes  of,  388-394  ;  poet -Cambrian  dis- 
locationa  in,  469,  477-479, •  487*-490  ; 
Moine  schists  in,  390,  478,  481,  48B. 
488,  602,  604 ;  Moin»  thrust-plan^ 
in,  602. 

Kyle  of,  68,  103,  106,  108,  109, 


EiSTSBX  echista.     Bu  Moine- schists. 

Rilean  Dubh  litneetone,  366 ;  paleon- 
tology of,  377 ;  description  of,  in  its 
ext«nBion  from  Dumefie  and  Eireboll 
to  Loch  More,  380  ;  in  the  Loch  More 
and  QUncoul  district,  399;  in  Ao- 
synt,  403  ;  from  Strath  Kanaird  to 
Strath  na  Sheallag,  409  ;  from  Strath 
na  Sheallag  to  Kishorn,  416;  in 
Skye,  421,  422-423. 

Hoan  (Durnesa),  487.» 

Horriadale,  332. 

nan  Cae-leac,  391. 

Eireboll  and  Durncc^s.  See  Dume% 
and  Eireboll. 

Elphin,  465,  524,*  526,  608- 

Enard  Bay,  309. 

Enatatite-di abase,  91,  162. 

EoEOonal  structure,  425. 

Bpidiorite,  91-97,  140,  162,  176,  185, 
184,  185,  187,  203,  206.  241. 

Bpidote-amphibolite,  57,  58,  162. 

Epidotic  gritB  and  conglomerates  (Tor- 
ridonian), petrograplij  of,  286,  288  ; 
description  of  their  development  from 
Kifthorn  to  Loch  Alsh,  343-344:  in 
8ky«,  349,  360-354. 


FarmheaU,  291,  297. 

Faeagh,  201,  217,  218,  220,*  221,  222, 
229,  248,  249. 

fault,    192,    323,  643,    544,»  546, 

548,  649,  563,  562,  563.* 

Fasbheinn,  293,  297. 

Faults,  reveiBod,  production  of,  465, 
474. 

Favbe,  a.,  473. 

Felsito,  post- Cambrian  sills  and  dykes 
of,  449-450 ;  pebbles  of,  in  Torri- 
donian series,  280,  281,  349. 

Felspar,    behaviour    of,    nnder    stress, 

S85,  597,  620. 
iFernaig,  554,   565. 
^Fionn  AUt,  510,*  511. 
i  Fionne-Bheinn,  103. 

IFionn  Loch  (Gairloch),  174,  179,  180, 
184,  198,  190,  200,  202,  206,  209. 

(Assynt),  276. 

!  Ftsherfield,  181. 

I  Fladdaj  Eilean,  340. 

Flbtt,  J.  S.,  609,  610. 

Flinty  crush-roclu  (largely  pre-Torri- 
donian),  124,  141,  151,  162,  163,  190, 

I     196,  214,  216,  221,  224,  231,  232,  244, 

I  248,  249,  250 ;  of  felsitic  type,  249- 
250  ;  formed  by  post-Oambrian  move- 
ments, 548. 

j  Plujion-structure  in  crushed  pegma- 
tites, 124,  213  ;  along  thrust-planes, 
470,  481. 

Foinne-Bheinn  (Foinaven),  490,  491.* 

Foonn,  A.  H.,  383,  384. 

Forsterite  in  altered  dolomite,  457. 

Fucoid  beds,  366,  367  ;  conditions  of 
deposit  of.  369,  370  ;  palfoontology  of, 
373-375  ;  from  Damesa  and  Eireboll 
to  lA)ch  More,  389,  392,  393,  394  ; 
between  T.och  More  and  Glenoonl, 
398  ;  in  Asaynt,  400.  401  ;  from 
Knockan  to  Strath  Kanaird,  404; 
from  Strath  Kanaird  to  Strath  na 
Sheallag,  408,  409  ;  from  Strath  nn 
Sheaiiag  to  Kishom.  412,  413,  414, 
415  ;  in  Skye,  419-420. 
Fundamental  Complex.  Skb  TmnEn 
Lewi  si  an  Gneins. 

Fumes.  194,  201,  204.  210.  217.  218. 
219,  224,  226,  226,  228,  238. 


1  (village,  loch,  and  vicinity). 
Lewisian  gneiss  of,  197,  198,  199,  201, 


Fim-aiBD  Head,  116,  469,  481,  487,*       223 
488,  603.  ■ 

Fan-structure    in  Cambrian    and    Torri-  1 
donian  strata,  662,*  563. 


scapolite-achiat  near,  198. 

altered  sediments  and  a 

liated  rocks  near.  76,  215.  216,  ! 


-  pre-Torridoninn  dykes  near, 


334. 


and   Loch   Mareo   district.        SiB 

Loch  Matce  and  Qa.irlocb  district. 
Garnet-am  phi  bo  lite     in     Fandamental 
Complei,  58-59.   131,  158,   159,  173, 

ZtZ.     See  also  fyvHii  Basic  Rocks. 
Gmkib,   a.,  20,  22,  23.  31,   110,  156, 

833,  253.  270,  275,  288.  331.  421.  426, 

580. 
Ghrudaidh  limestone,  566. 
paIteontolog7     of.     375-377  ; 

BS  developed  from  the  Durness  and 

EireboU  district  to  Loch  More.  389. 

3B2.    393  ;•  in  the  Loch    More  and 

Glencoul    district.    399 ;   in    Assyat. 

401.    403  ;    from    Strath    Kanaird    td 

Strath   nn    SheallaR,    409  :    in   Skye. 

421.  422. 
Glas  Bheinn  (Assynt),  509.  510.« 
fl-och     Oarmn),     262,     562. 

563,*  565. 
Gleann    Tnlacha.    199.    202,    217,    21S, 

219,  222.  225,  227.  235,  236,  24S,  249. 
Glen  Dothertv.  546.  548. 

Orudi*  fLnch    MareeV   546,   547,» 

549, 

Kishom,  559, 

Torridon,  553.  565.  558.  569.  564. 

Udalain,  55B,*  570*  571,  572.» 

Glenrcml,  396.  438,  439,   465.  469.   493. 

503/  604,  605.  . 

andlioch   Morp  disfricf,  Cambrian 

strata  in,  395-399. 

Moine  (Ensf-jm)  sphists  in,   604- 

608. 

thruBf-rlsnp.    466,    470,   493,    495 

498.  499,  500,»  501.  502,  503,"  508 
609,  510,"  512,»  513.  515,«  517,  518. 

Glendhu.  398,  438,  439,  465.  493.  497.» 
500.  604. 

nieneU.  &T7. 

"Glen  T-ocnr."       Skb  Ahhiiinn  Briia- 

"Gneissnsp  fla-'tfuiPS,"  595.  E99, 

Gorm  T^h  Mor,  510,*  511.  604,  607. 
608. 

nranitic  intmcioiiB,  ■nrp-TDrridnnian.  in 
LpwiBian  uneiss.  99-100,  103.  109,  110, 
111.  112,  113.  114,  135.  116.  119,  120- 
123.  126.  127,  143-147,  261  ;  of  Cnr-r 
na  Sroine,  440  :  in  Moine  srbisfs, 
607.  608,  600.  610.  612,  613. 

firaphite  in  scfinolife-rook,  194, 

nraijJiif.p-<ichi!!ls,  78-79,  215,  216,  217. 
218,  226-227,  567. 

OiwrsLT,  E.,  172.  191.  221.  269.  322 
411. 

Griiiiinrd  Eny.  310.  313,  320. 


'^3(**4- , 

GininaFd  dittrict,  Lewisian  piein  o^^ 

172-190,  I 

River,  172,  173,  178,  183.  190.  I 

GUNN,  W.,  31,  125,  172,  191,  309,  301, 
of,    328-       405.  428.  444,  526,  613.  j 

H  I 

Hali..  .lijnia,  585.  1 

HiRKEB,  A-'.  131,  348,  417,  454, 

HiHRNBSB,  K„  17,  22. 

HiTnt,  F.  H,.  46,  46. 

Hsughtonite,  115, 

Hbihilb,  M.  P  ,  7,  24,  26.  115,  363.  390, 

428,  429,  451,  453,  454,  646. 
Heilim,  479,*  480,  481,  484.  , 

Hicks,  H.,  23.  214.  241.  ' 

"     -     254,  280,  371.  377,  378, 


380, 

HiSKMiN,  I.,  W„  31,  103.  125,  156.  253, 
269,  291,  309,  322.  399,  404,  411,  428, 
446,  526,  558.  610. 
HoLUjiP,  T.  H.,  250, 
Hope  River.  486, 

HoBNH,  J.,  1,  11,  51,  33,  103,  155.  172,  i 
252,  279,  289,  322.  342,  363.  388.  399,  . 
411,  428,  442,  477,  608,  539,  565,  595,  ' 
602.  608, 

Horiiblpnde-biotite  rocke  of  the  Funds* 
mental  Complex.  117,  128,  129- 

Homblcnde-di  abase.  162.  J 

Hornblende-gneiss,  58,  59  ;  e''&'>alitic  j 
63 ;  references  fo,  in  its  different  dia-  ■ 
tricts.  111,  112,  113,  114.  115.  116,  ■ 
118,  135-136,  171,  176,  182.  195-198. 

and  early  basic  rocks,  195-193. 

Hornbiende-Rranulite,  64. 

Homblende-pyrosenite,  129. 

Hornblende-schist,  analysis  of.  95 ; 
metamorphosis  of  doterit«  into,  95-96  ; 
linear  foliation  ("rod"  structure)  in. 
97-98,  120,  211,  245-247 ;  in  the 
Moine-scbists,  601,  606.  609.  610. 

and  homblende-chlorite-schirt 

of  Loch  Maree  and  Gairloch,  238- 
245  ;  probable  occurrence  of.  elae- 
where,  263,  567,  569,  599.  604,  607, 
608. 

Hornblende-schists  with  brovm  mica  and 
pyrites,  244. 

Hornblendite  of  the  Fandamental  Com- 
plex, 47,  112,  129,  158,  159,  171,  173, 
174,  182,  193.  194,  200. 

dykes,  142.  211. 

Httdlestone,  W.  H,,  25. 

Httll,  E.,  25- 

HveskS,  E,,  443. 

Hyperite,  162. 


lumsGB,  J.  P.,  448. 

Igneous  rocks,  post- Cambrian,  of  older 
dat«  than  the  thrust- movements,  6, 
7  ;  distribution  of.  489-439  ;  plutonic 


mass  of,  430 ;  sille  and  dykes  of,  432, 
433,»  437-439;  horizons  of,  433  ;• 
petrography  of,  440-452  ;  affected  by 
post-Cambrian  movements  (a)  west  of 
th«  Moine  thrnst,  432,  433,»  434,  437, 
439,  498,  499,  500,»  501,  503,»  505," 
506,  610,*  511,  521,*  522,  524,*  525  ; 
(b)  east  of  th«  Moine  thrust,  599,  607. 
608,  609,  612. 

Imbricate  etnictare.  See  "Schuppei 
stmktur." 

Infahirbaii  River,  336. 

InchnadamS,  pre-Torridonian  intri 
BionB  near,  91,  93,  94,  06 ;  Cambrian 
itrata  near,  400,  401,  402,  403 ;  post- 
Cambrian  intrusions  near,  428,  431  ; 
poBt-Cambrian  movementB  near,  513, 
518 ;  intrusions  in  the  Moine-schiHtc 
near,  633,*  598,  607,  608,  609,  610, 
612,  613. 

Inver  River,  165.  164. 

Ironstone,    pisolitic    (Cambrian),    415, 

Iktoto,  E.  D.,  81. 

Isle  Ocnsay,  264,  266,  267,  268,  350, 
579,»  617. 


Jambs,  Hen  by,  6,  14,  363. 

Jasper,  spheruli tic  pebbles  of,  in  Torri- 

donian  series,  280. 
Johnbtob-Lavts,  H.  J.,  457. 


Kebbybdali  and  Biver  Kerry,  199,  201, 
216,  216,  223,  226,  227,  228,  232,  233, 
239,  241,  242. 

Eilchrist  (Skye).     See  Cill  Chriosd. 

Kino,  W.,  425. 

Kinloch  beds  (Toiridonisn)  between 
Kishorn  and  Loch  AUh,  344-346  ;  in 
akye,  349,  357-359. 

Kinlochailsh,  619,»  521,  525. 

Kinlochewe,  thrust  Lewisian  gneiss 
near,  251-252;  Torridonian  strata 
near,  277  ;*  Cambrian  strata  near, 
411,  414  ;  post-Cambrian  movements 
near,  539,  543,  543,  548,  549. 

thrust-plane,       468,       469,       470, 

539,  540,»  541,*  642,  543,  544,"  545, 
646,  647,»  549,  560,*  551,  552,»  653, 
564,  556,*  557,  699. 

Kirkaig  River,   155,   165. 

Kirkton  of  Lochalsh,  566,   571,   672," 

573. 
Kiahom  (Faaagh)  fault,  338. 
and  Loch  Maree,  Torridonian  series 

between,  322-341. 

and  Lock  AUh,  Torridonian  series 

between,  342-347. 

and    Achnashellach,    evidence    of 

poat-Osmbrian  movements  between, 
&6B-666.     Su  Auo  Look  KiahOTo. 


568,*  673. 
Knockan,    evidence    of   post-CambrJan 

movements  near,  460,  526,  526,  527,* 

529. 
— —  and    Strath    Kanaird,    Cambrian 

strata   between,   404 ;    Moine-schists 

between,  608,  600,  610,  611. 
Kyarite-gneiss,  83,  215,  237-238. 
Kvleakin,  350,  358,   359,  360,  361. 
K'vlerhea,  264,  265,  349,  561,  362,  354, 

355,  356,  357,  573,  617. 
Kj-leskn,    FujulaTiiridiil   Oomplei  near, 

t9,  56,  131,  133,  134 ;  Lewisian  gneiss 

betwefii,  and  Loch  Laxford,  125-154; 

pre-Torridonian  intrusive  rocks  near, 

92,  98,  131, 133,  134  j  pre-Torridonian 

thrusts  near,  149,  160,  151. 


Lahim^,  curved,  in  Torridon  sandstone, 
331,  332,»  349,  360. 

Lapwobth,  0.,  3,  27-30,  32,  376,  472, 
482,  483. 

Laxford  Bridge,  66,  73,  99,  117,  120, 
121,  144,  163. 

Leagach.     See  Liathach. 

Ledbeg,  403,  622,  623.* 

Led  more,  403. 

Letterewe,  70,  78,  217,  222,  223,  227, 
229,  233,  234,  235,  240,  243,  246. 

Lewisiui  Gneiss,  general  remarks  upon, 
1-4  ;  position  of,  in  the  geological  suc- 
cession of  the  N.W.  Highlands,  4, 
10 ;  history  of  the  investigation  of, 
11-32 ;  general  account  of,  33-40 ; 
topographical  features  of,  2,  103,  104, 
113,  126,  139,  156,  172,  215,  238,  254, 
264. 

petrography  of,  41-102. 

Fundamental  Oomplez,  archi- 
tectural features  of,  71-74 ;  de- 
scriptions of,  41-84,  105-106,  107-108, 
109,  110,  111,  112,  113,  U4,  115,  116 
119,  128-138,  157-161,  171,  173-183, 
193-203,  263-267. 

peridotites,    serpentines,    py- 

roxenites  and  hornblenditea,  44-47, 
112,  128-131,  157,  158,  159,  171,  173, 
174,  182,  193-194,  211,  254. 

■ —  hornblende- rocks  not  included 

in  the  banded  group,  47-49,  117,  128, 
129. 

— -  pyroxene-felspar  rocks  with- 

ont  quartz,  60-53,  131-133,   158. 

pyroxene-felspar    rocks    with 

quartz,  53-56,  120,  126,  127,  133-135, 
168,  160-161,  171. 

hornblende  -  felspar       rocks 

(basic),  66-69,  116,  133-136,  168,  169, 
173,  176,  262. 

homblende-fela^ax  to&V*  ■^'-Ma. 


<junrtz.  69-65,  111.  112,  113.  114,  115, 

116,  118,  135-136,  182,  259. 
Iiowiaioii  OdbIhs,  biutite-^L'isseH,   65-69. 

115.114,115.116. 118110,136, 137. 166- 

168,  179,  180,  251,  259,  262. 
luUBcovite-liiotile-gnyisses,  69- 

70,  136.  179,  180,  198-203,  256. 
Rocks  of  presumably  eetliiueii- 

Urj  origin  in,  76-84, 187-189,  214-233, 

263.  567,  569. 
— ■ mioa-schistH,  75-77,  187, 

215,  217,  222-224,  363,  567,  669. 

—  mica-acttnolite-gchists, 


Kjleaku 


•rd  to  Kylesku, 
o  liooli  Broom. 


—  yraphitic  schisU,  78-79, 

816,  216,  217,  218,  226-227,  567. 
quartB-achists  ot  (|uwt!e- 1 

jnagnclito-schists,    79-81,    173.    187, 

188,  189,  215,  228-229. 
— - quarlz-rock,    173,    189, 

216,  227-228. 

quarts  -  hornblende  - 

solusts,  79-80.  173,  187,  188,  229-230. 

calcareous    rocks    and 

iiniwlones,  81-82,  215,  216,  217,  230- 
237,  265. 

— — kjaiiilf -gneiss,  83,  215, 

237-238. 

cummiDgtoaite  -  garnet- 
schist,  83-84,  238. 

— ■  chloritt-scluBts,  238. 

acUiiolite-echiats  without 

eitliet  quartz  or  felspsr,  245. 

■  Pre- Torri  (Ionian         iuttusivc 

rofks  aasociatt-d  with, 

ultra-busic  dykes,  85-89, 

110  { I),  112,  142,  163,  165,  184,  187, 
211,  605. 

basic  dykes  and  sills  89- 

98,  119,  120,  126,  131,  132,  138-142, 
148,  149,  150,  151,  152,  161,  162,  163, 
183-187,  203-211,  215,  238-244,  261- 
262,  256-257,  259  ( 1),  268. 

microcline-micii     dTkes, 

98-99,  142-143. 

biolite-diorito  dykes,  99, 

162,  163. 

i;ranite  dTkes  and  biIIb, 

B9-100,  108,  109,  110,  111,  112,  113, 
114,  115,  116,  119,  120-123,  126.  127, 
143-146,*  261. 

pegmatites,  100-102,  110, 

111,  113,  114,  115,  116,  119,  120,  122- 
123,  126,  145.  146,*  212-214,  268  260- 
261,  262,  263,  268. 

— —   I're-Torridoniaii   inovenient* 

in,  36-37  ;  deecriptions  of,  in  their 
different  districts,  123-124.  148-164, 
165-170,  190,  245-251. 

Descriptions  of  the  several  dis- 
tricts  in    which   the   Lewisian   gneiss 


190. 


-  Gniiuard  district,   172- 


Loch  Maree  and  O&irloch 

dislTict,  191-252. 
Loch  Torridon  district, 

Kona  and  Raasay,  253-261. 
—  Loch  Carron  to  Point  ot 

Bleat,  262-268. 
roferences  to  tlirust-mSEaes  of, 

171,  667,  571,  577,  600,  603*04. 
LhtTZolite,  174. 
Liatliflch  (Leagach),  253,  270,  322,  323, 

412,  552,*  553,  558. 
Limestonea  and  allied  rocka  iuLewisian 

giitiss     and     in     Moiue-schists.     Ses 

UNiiRB  Calcaieoiie  bands  and  streaks. 
— in  Cambrian.  Sss  Cam- 
Linear   foliation   ("rodding,"   or   "mul- 

lion"     structure)    of  pre-Torridonian 

age,    97-98,    120,  134,  196.  211,  231. 

245-247.  601,  605. 
Little  A^ynt,  156,  169. 

Gruinaid    River,     172,     174,     179. 

180,  181,  185,  187,  188,  190. 

Uch  a'  Chairn  lihain,  155,  156.  160, 
168. 

Alsh,  468,  470. 

district    from    Ei«hom    to, 

Torridonian  seriefl  in,  342-347. 

general  description  of  post- 
Cambrian  movenients  in  area  between 
I,(K'.h  Kiahom  and,  665-573. 

— —  Hoine-aciista  in   area   from 

Strath  na  Sheallag  to,  614-617. 

an  Nid,  413,  539.  540,   541,«  542. 

543. 

an  Urchoil!.    506,*  506.  507,   604, 

606,  607, 

ABsynt,     Bee  tindbr  Assjnt. 


-  Borp 


,  403,  . 


Broom,  182.  185,  309,  405,  528, 
bid*  534.»  636,  536,  611,  612,  613. 

_  Little,  182,  515,  536.'' 

Carron.    Torridonian   seriea   near. 

288,  342-347 ;  post^Cambrian  move- 
ments near,  662,  563,*'  565.  566,»567, 
568,"  569,  570,»  571.  600. 

Clair.  549,  551. 

Damh,  253. 

Dhrombaig,  157. 

-^-  Eireboll,  dtBtricf  of.  See  Dur- 
ntss  and  EireWl  distj-ict. 

Eishort.    357,  358,  360,  361,  417, 

418,  419,  420.  422,  423.  579."  582, 
585."  584.  585,-  587.» 

Enard,  166. 
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Loch  £we,  310. 

Gainmhichj  113. 

Ghiubhsachain,  176,  177,  178,  185. 

187,  188,  190. 

Glenooul,    rocks    of    the    Funda- 


mental    Complex    near,     54 ;     basic 
dykes  near,  92,  142  ;  microcline-mica 
dykes    near,    142 ;    pegmatites  near, 
148.     See  also  it^dbr  Glenooul. 
Glendhu,  rocks  of  the  Fundamental 


Complex  near,  49,  131,  132,  133,  138  ; 
microline-mica  dykes  near,  98,   142, 
143 ;     pegmatites    near,     148.       See 
ALSO  UNDEB  Glendhu. 
—  Hope,  486,  602,  603. 

Inchard,     103,      104,     123,     275  ; 


*  '  /  /  # 

general  description  of  Lewiisian 
gneiss  between,  and  Ix)ch  Laxford. 
116-124 

Lochinver,  rocks  of  the  Fundamental 
Complex  near,  51,  52,  53,  56,  63,  65, 
68,  156,  158,  159,  160 ;  pre-Torri- 
donian  intrusive  rocks  near,  87,  88, 
99,  163,  164 ;  pre-Torridonian  move- 
ments near,  16o,  166,  170. 

Loch  Kishom,  references  to,  564,  566,* 
567,  568.* 

Lamaiscaig  thrust-plane,  264,  592, 

593/  594,  618. 

Laxford,    58,  100,  102,  118,  120, 


122,  123,  128,  131,  136,  140,  141,  144, 
145,  146,  153,  154. 

-; general  description  of  Lewis- 

ian  gneiss  between,  and  Kylesku,  125- 
154. 
—  Lurgan,  307,  316. 

Maree,  fault  along  length  of,  548, 


549 ;    area   from    Coigach    to,    Torri 
donian  series  in,  309-321. 

Loch  (Maree  and  Gairloch  district,  pro- 
gress of  geological  research  in,  13,  14, 
15,  17,  19,  20,  21,  23,  24,  27,  546. 

Lewisian  gneiss  in,  gene- 
ral account  of,  191-193  ;  Fundamental 
Complex  in,  61,  63,  67,  69,  70,  73, 
193-203 ;  pre-Torridonian  intrusions 
associated  with,  203-214  ;  altered  sedi- 
ments in,  together  with  some  closely 
associated  rocks,  75-84,  97-98,  214- 
245  ;  pre-Torridonian  movements  in, 
245-251 ;  gneiss  in,  affected  by  the 
post-Cambrian  movements,  251-252. 
Torridonian  series  in,  uncon- 


formability  at  base  of,  276,  277,*  311, 
315  ;  petrography  of,  279,  281,  283, 
284  ;  Diabaig  group  of,  273.  317,  318, 
326,  327,*  328-331  ;  Applecross  group 
of,  327,*  331-334;  effect  of  Fasagfi 
fault  on,  323  ;  anticlinal  fold  in,  Z2A. 
Cambrian  series  in,  411,  412, 


413,  414,  415  ;  worm -casts  in  false- 
bedded  quartzite,  412  ;  OleneUus 
zone,  412,  413,  414;  serpulite  grit, 
412,  413 ;  pisolitic  ironstone  of,  415. 


Loch  Maree,  post-Cambrian  movements 
in,  539-557  ;  absence  of  *'Schuppen- 
struktur''  in,  542 ;  mylonised  rocks 
accompanying  Moine-thrust  in,  543  ; 
fan-structure  in,  553 ;  progressive 
metamorphism  accompanying,  554- 
555  ;  Eastern  schists  in  614-61,  617. 

Jjoch  Maree  and  Torridon  district, 
Torridonian  series  in,  322-328. 

Loch  Maree  and  Kishom,  Torridonian 
series  between,  322,  341. 

Ix)ch  More,  Lewisian  gneiss  near,  143. 

Cambrian  series  between,  and 

the   Durness    and   EireboU    district, 
388-394. 

and  Glencoul  district,  Cam- 


brian strata  in,  395-399. 

district  from  Beinn  Uidhe  to, 

post-Cambrian  igneous  rocks  in,  437- 
439. 

post-Cambrian  movements  be- 


tween, and  head  of  Loch  Eireboll, 
488-492  ;  between  Loch  Glencoul  and, 
493-507 ;  Moine-schists  from  Loch 
Eireboll  to,  602-604;  from  Locn 
Glencoul  to,  604-608. 

Ixx;h  na  Dal  beds  (Torridonian)  in 
Skye,  349,  354-355. 

Loch  na  Sheallag,  178,  181,  185,  187, 
310,  311. 

Sand  wood,  113,  295. 

Shieldaig  (Torridon),  253,  255,  326. 

Skinaskink,  276,  307,  526,  527.* 

Slapin,  417,  418,  421. 

Sligachan,  348,  350. 

Stack,  104,  117,  120,  121,  124,  129, 

135,  137,  141,  142,  143,  144,  145,  146, 
147,  153. 

Torridon,     hornblende-schists     of 

Lewisian  gneiss  near,  59  ;  Fundamen- 
tal Complex  near,  69,  70 ;  pegmatites 
near,  73 ;  fault  near,  258 ;  Torri- 
donian strata  near,  324,  325,  326,  327. 
Veyatie,  306,  524.* 


"Logan  Rock*'   (Heddle),   24,   26,   429, 

546. 
Loyne,  403. 
Luban  Croma,  521.* 


M 


Macculloch,  J.,  11,  12,  110,  233,  270, 

309,  420,  421. 
Macconochie,  a.,  401,  404,  408,  412, 

414,  420. 
Magnetite   in   Lewisian   gneiss,    '/9-81, 

210,  228,  229,  231,  241,  267,  268  ;  in 

Torridonian  rocks,  285,  346,  353,  356, 

358,  359,  360. 
Marble   (Lewisian),    81,    82,    215,    216, 

217,  230-237,  266. 
(Cambrian),  403,  421,  424-426,  426, 

427,  431,  453-462. 


/»!«. 


I 


Menil  a-  Cliinii  Deirg,  559,  660,*  661, 
664. 

a-  GhiubhBiB,  414,  546,  547,«  548, 

649. 

E»ch,  Li>Ch  Maree,  76,  193,  218, 

277." 

Mettdlioiiach,  479,*  480. 

RiabiiftL-li,  69,  202,  220,*  250,  277, 

543,  544.« 

^bUitin.  478.  479,- 

MeUmte-syottito,   440. 
Metamorphisui.    progressr 

brian  and  Torriilonian  atratu,  470. 
471,  625,  537,  549.  551,  554,  555,  571, 
576. 

— — ill  Moine-scl lists,  590,  592, 

619,  621. 

Mica -act  ill  olite-scliists,  224'226. 

Mica-schists  of  Lewisiaii  gnt^ia^,  petto- 
graphj  of,  75-77 ;  ^arni^tifcrous,  76 
223 ;  analfsia  of,  76 ;  dt«crip- 
tion  of,  in  ilitferent  districts,  187,  215. 
217,   222-224,   263,  567,  569, 

Microeline-mica  dykes.  98-99,  142-143. 

MiLCB,  L.,  278. 

M11.1J111,  Uvan.  12,  270, 

Muine  (Biut«m)  Sl:hiBt<^  guuural  re 
inarkaoD,9;  position  of,  in  the  gwlo- 
gical  succession  of  the  N,W.  Bigh- 
lands,  9  ;  history  of  investigation  of, 
11-32 ;  general  description  of,  595- 
601 ;  tjteir  position  above  Moine 
throst-plane,  468;  probably  B]ter«d 
sediments.  468;  bn^aking  liovni  of 
their  crystalline  slnictures  near  the 
Moine  thrust-plane,  468,  569,  573, 
582,  592,  593,  600,  601. 

development  of,  in  different 

districts:  in  Durness  basin,  478, 
479  ;•  in  Eireboll  district,  <I79,*  481, 
486,"  487,-  488,  489,»  491,*  492,  602, 
603,  604  ;  between  Loch  More  and 
Loch  Glentoul,  494,*  497,»  499,  500,» 
602,»  503.»  505,*  507.  604-60B ;  in 
Assjnt.  510,*  511,  512,*  519,"  fi23,» 
524,*  608-610  j  between  Elpbin  and 
Strath  na  Slieallag,  526,  527,»  531,« 
532,»  633, •  534,*  555.  536.*  537,  558, 
610-613  ;  from  Strath  na  Sheallag  to 
Achnashellach.  540,*  541,*  544,* 
647,*  548,  549,  S50,*  551,  552,*  555, 
556,*  657,  614,  615 ;  from  Achna- 
shpltach  to  Kishorn.  560,"  563,*  565, 
615,  616  ;  between  Loch  Kishorn  and 
T^h  AUb,  566,*  567,  568,*  669,  570,* 
572,"  573,  61&,  617  ;  in  fikye,  574, 
582,  590,  593.  594,  617-623 ;  in  Glen- 
elg,  577,  621, 

Thrust  -  plane,       general 


larks 


Durn 


466. 


471.     472 ; 


477, 


478, 


Eireboll 

trict.  481,  482,*  465,*  487.*  489,*  602, 
603 ;     between    Eireboll    and    Loch 


-More,  491,*  492,  604  ;  lietween  Loch 
-More  and  Loch  Glencoul.  494,"  497," 
500,*  603,*  505  ;•  in  Assynt,  between 
Loch  Glencoul  and  Oromult  Hills. 
508,  510,*  611,  512."  514,  517,  519,* 
523,*  624,*  526,  603,  609;  between 
Klphin  and  Strath  naSheaUai^  527.* 
523,  529,  530,  531,"  532."  533,*  534,- 
636,  536,"  537,  538,  603,  611  ;  from 
Strath  nu  Sbenllag  to  Achnaahel- 
lach,  540,"  541.*  542,  543,  644.*  547," 
649,  550,  562."  566  ;  between  Aehna. 
«h.-lla:);  and  Kithorii,  560,*  562. 
563 ;"  lietween  Luch  Kishorn  and 
r.rf.oh  Aleh.  566,*  667,  568,*  569.  570," 
572",  673,  601 ;  in  Skye,  574,  575,* 
579.*  582,  587,*  589,*  592,  593,»  584, 
617,  518,  619. 

JIullach  Ooire  Mbic  Fhearcliair,  411, 
539,  640,  541,"  542. 
Mttltion"  structure  ("redding").     8eb 
UNDBn  Linear  Foliation. 

MmcniBOK,  B.  I„  5.  12,  13.  15-17,  20, 
21,  22.  107.  233,  428,  482,  488,  &9S. 

Muscovite-giieiss  and  muscoTite-biotite- 
gneies  of  the  Fnndamental  Oomplcii, 
petrography  of,  69-70 ;  classification 
of,  69 !  description  of,  in  different 
districts,  136,  179,  180,  198-203.  255. 

Mylonites,  conditions  favouring  furma- 
tii>n  of,  593, 


Na  rcAmiiN,  512,*  513,  (Frontispiece). 
Necks,  volcanic,  in  Applecross,  338 ;  in 

Assynt  (1),  436-437  ;  in  Raasay,  341. 
Nepheline-syenite,  446- 
NicoL,  J.,  6,  12,  13,  15,  17-20,  21.  22, 

269,  363,  428,  481,  482,  485,  488.  516. 


OLHiNT   ISLAKD,    167. 

OhneUu»  Eoue,    S,    365.    366.    367,   393,* 

394,  401,  404,  408.  412,  413,  414.  415, 

420,  524.  540,  545. 
Olivine-norite,  161. 
Ord  (Skye),  367,  417,  418,  419.  420,  422, 

423,  424,  583.  585."  585,*  588. 
Orthite  in  biotiU-gneiss,  66. 
Oykell  river  or  valley,  470,  615,"  519,* 

626,  608,  609. 


I' 
I'ABPH,  the,  103,  270.  291- 

PBACfi,'B,  N.,*'31.'32.  96,  103,  155,  191 
262,  269,  291,  322,  342,  388,  399. 
411,  473.  477,  508,  539.  565,  600,  602. 
608. 

Chaelm  W.,  13,  14,  368,  383. 
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Pegmatites  in  Lewisian  gneisB,  petro- 
graphy of,  100-102 ;  references  to, 
100-102,  110,  111,  113,  114,  115,  116, 
119,  120,  122123,  126,  145,  146,* 
147,*  148,  212-214,  258,  260-261,  262, 
263,  268. 

in   Moine  -  schists,  605,  606,  607, 

608,  612,  620,  621,  622. 

in     Torridonian     and     Cambrian 


strata,  352,  470,  506,  507,  566,  569, 

576. 
Pknnant,  T.,  11. 
Peridotite    in    Fundamental    Complex, 

44-47,  130,  173,  175^  193,  194,  254. 

dyke,  142. 

Phacoidal  structure  in  basic  dykes,  149, 

169  ;  in  pegmatite,  263  ;  in  limestone, 

504. 
Phosphatic     nodules     in     Torridonian 

series,  287-288. 
Picrite  dykee,  86,  87,  142,  163,*  252. 
Plat  Beidh  (Assynt),  517.* 
(Foinne-bheinn),    465,    490 

491,*  492. 
Plates,  J.  Hort,  79,  445. 
Pleonaste   130. 

Plockton,'343,*345,  346,  569,  570.* 
PoLLABD,  W.,  285,  444,  445,  449,  450, 

455,  457,  458,  462. 
Poolewe,  61,  63,  69,  97,  193,  194,  195, 

202,  209,  214,  239,  246,  330. 
Porphyrite,    petrography  of  post  Cam- 
brian sills  and  dykes  of,  450. 
Porphyry,  Canisp,  804,  306. 
Port  Odhar,  391,  487.* 
Priest  Island,  318,  320. 
Pyroxene-gneifis,    53-56,    115,  120,  126, 

127,  133-135,  158,  160-161,  171. 
granulite,  50-51, 118, 131-133,  159, 

173,    175.       See    also    Early    basic 

rocks. 
Pyroxenite  in   Fundamental   Complex. 

44-47,     129,     157,     171,     173,    174  i 

associated  with  borolanite,  447. 


Q 


Quartz,    behaviour    of,    under   stress, 

288,  597,  598,  620. 
opalescent,    in    Lewisian    gneiss, 

127,  134,  195,  196,  267  ;  pebbles  of, 

in  Torridonian  strata,  352,  353,  356, 

358,  360 ;  in  Moine-schists,  619,  620. 
Quartz-grains,    secondary   enlargement 

of,  419. 
Quartz-hornblende-schists,    79  80,    173, 

187.  188,  229-230. 
Quartz-rock  (of  Lewisian  gneiss),   173, 

216,  227-228. 
Quartz-schist      and     quartz-magnetite- 

schist,  79-81,  173,  187,  188,  180,  215, 

228,229. 


Quartz-veins  along  pre-Torridonian 
shear-lines  and  schists,  149,  173,  189, 
202,  209,  246;  in  displaced  Torri- 
donian strata,  537,  538,  542,  548,  551, 
564,  565. 

Quartzite,  piped,  general  description  of , 
366  ;  conditions  of  deposit  of,  369  ; 
palaeontology  of,  372-373 ;  sub-zones 
of,  365,  402,  4S3 ;  *  development  of, 
from  Durness  and  EireboU  to  Loch 
More,  388,  389,  391,  392 ;  in  the  Loch 
More  and  Glencoul  district,  395,  396, 
397-398;  in  Assynt,  399,  400,  402; 
from  Knockan  to  Strath  Kanaird, 
404  ;  from  Strath  Kanaird  to  Strath 
na  Sheallag,  405,  406,  407,  408 ;  from 
Strath  na  Sheallag  to  Kishom,  411, 
415,  416 ;  in  Skye,  417,  418,  419 ;  de- 
formation of  worm  tubes  in,  396,  471, 
481,  495,  506. 

false- bedded,    general   description 

of,  366  ;  conditions  of  deposit  of,  d69  ; 
paleeontology  of,  372 ;  development 
I  of,  from  Durness  and  EireboU  to  Loch 
More,  388-389,  391,  392 ;  in  the  Loch 
More  and  Glencoul  district,  395,  ^6, 
397 ;  in  Assynt,  399,  400,  402 ;  fiom 
Knockan  to  Strath  Kanaird,  404; 
from  Strath  Kanaird  to  Strath  na 
Sheallag,  406,  406,  407,  408;  from 
Strath  na  Sheallag  to  Kishom,  411, 
416 ;  in  Skye,  417,  418. 

Quinaig,  156,  270,  276,  299,  609,  510.* 


B 


Baasay,  Fundamental  Complex  of 
.  Lewisian  gneiss  in,  59,  61,  67,  68,  260  ; 
hornblende-schists  in,  59,  261 ; 
granite  and  pegmatites  in,  260,  261 ; 
Torridonian  strata  in,  340 ;  volcanic 
necks  in,  341. 

Bamsat,  a.  C,  16,  22. 

Bed  Point,  333. 

Bhiconich,  49,  68,  105,  117,  118,  119, 
122,  123,  297. 

Bhu  More  Coigach,  320. 

Bispond,  114,  115. 

**Bodding."  See  under  Linear  folia- 
tion. 

Bona,  hornblende-schists  in  Lewisian 
gneiss  of,  59,  259  ;  Fundamental  Com- 
plex in,  61,  67,  259,  260. 

BowNEY,  T.  H.,  425. 

Buadh  Stac,  541.* 

Budh  Be^  330. 


Budha  Mor,  310,  321. 


S 


Sail  Gaebh,  299. 

Ghorm,  299. 

Mhor  (Beinn  Eighe),  549,  S6(C\.« 


MS  lAd 

Sailmhtir  limestone.  366;  paliEontology  I 
of,  377-379  ;  lieielopment  of,  from 
Ihirneas  and  Eireboll  to  Loch  More, 
368.  389-390.  391 ;  in  Aseynt.  403  ;  in 
Skye.   423. 

Saltbb,  J.  W.,  11,  14,  373,  376,  383. 

Salterella  grit.     Sbe  .*er]mHlf  giit. 

Sandstone-iivkes,  182.  193.  306,  325,  I 
333.  334. 

Handwood  Lucli,  113,  2S6.  I 

Sangoraore,  479.*  480.  487,»  603. 


379  ;  development 

and  EireboU  district  and  thence  to 

Loch  Mow,  389,  391 !  in  Skye.  423, 

424. 

Scolpay,  270,  348,  350,  351. 

ScapolUe,  46.  118.  198. 

■"Schuppon-Btruktur,"  463,  465,  469, 
470.  472,  473,  480,  539  ;  eipen mental 
illustrations  of,  473,  474,»  475  ;* 
esamplea  of.  479,*  480.  491,*  492, 
494,»  500."  503,'  509,  510,"  515.* 
519,"  524,»  527,»  542,  552,*  555,  566.* 

Schistose  Htructures  developed  by  post- 
Cambriaii  movemenW,  470,  471.  481. 
486,  498.  514,  537.  543,  548,  551,  554, 
566,  659.  509. 

Hcurais.  408. 

Scourie.  banded  hornblendite  and  py- 
roxenite  near,  47 ;  pyroiene-granu- 
lil«s  of,  51  ;  transition  from  dolerite 
to  homblende-BChJBt  near,  95,  126  j 
basic  dykes  near,  126,  139,  140,  152  ; 
ultra-basic  rocks  near,  129,  130  ;  early 
basie  rocks  near,  132,  133  ;  pyroxene- 
and  horn  blende -gneisses  near,  56,  133, 
134  ;  biotite-BneiEEes  near.  137,  138  ; 
pre-Torridon  lines  of  movement  near, 
141 ;  ultra-basic  dykes  near,  142  ; 
granitic  intrusions  and  pe)(matiteB 
near,  146,  147. 

Sedgwick,  A.,  12. 

Sericitic  micu,  286, 

Serpentine,  44,  129,  130,  173,  193,  194, 
267-268.  I 

SerpuliUi  {SoiUrtUa)  grit.  366.  367 ;  I 
conditions  of  deposit  of,  370  ;  palteon- ' 
tology  of,  375  ;  in  the  Durness  and  , 
Kireboll  district  and  thence  to ' 
Loch  More,  389,  392,  393,  394; 
between  Ixich  More  and  Glencoul, 
398-399  ;  in  Asaynt,  401,  402  ;  from  I 
Knockan  tu  Strath  Kanaird,  404  ; 
from  Strath  Kanaird  to  Strath  iia 
Sheallag,  408,  409  ;  frnm  Stratli  na 
Shealtag  to  Kishorn,  412.  413.  414  ; 
in  Skye,  420. 

Sgiath  Bheinn  an  Uird  tUrust-plani-, 
468.  582,  583,'  584,  585, •  586,  587,'' 
588,  590. 

Bjiiatii-bbcimi  Tokav.iig  llirust-plane,  | 
580,  582,  583,»  584,  585,  586.  587,»  ; 


Sgorr  a"  Gharaidh.  262. 
Sgurr  Ban  (Beinn   Eighe.)  549.    550,»    , 
551,  558. 

(Strath    na    Shealls);},    B77, 

411.  542. 

Dubh  (Coulin),  552,»  553,  559. 

— -  na  Coinnich,  348,  549,  3S7.  358. 

359.  575.* 

-  Bnadh.  322. 
Shasoi,  J.,  452. 
8a*iiMAN,  G..  426- 

SlIABFE.    D.,    13. 

Shieldaig  (Gairloch),  194,  199.  200.  201, 
208,  210.  211,  215,  216,  230,  237. 

{Loch  Torridon),    LewisiBii   gneiss 

near,    256,    257 ;    Torridonian  atratJi 
near,  276. 
"Short  crystullisation."  106, 
Sitlimanile,   229. 

Skyi'.  Lewisian  gneiss  tif,   263-268,  617, 
619,  621.  622. 
— -  Torridoniaji   strata  in.    285,    286, 
288,  348-361. 

Diabaig  group,  351-350  ;  epidotic 
grit«   and   conglomerates,   36 1< 

354  ;   Loch  na  Dal   beds,  K4- 

355  ;  Beinn  na  Seamraig  grits, 
355-357;  Kinloch  beds.  557-359. 

ApplecrosB  group,  350,  359. 

Cambrian  series  in,  417-427  ;  pain 

ontology  of,  374,  381,  382,  335, 
386;  quartzite,  417,  419;  fu- 
coid-beilfi,  419-420 ;  serpnlite 
grit,  420  ;  limestone  and  dolo- 
mite. 420-437  ;  contact  meU- 
morphiam  of,  453-462. 

post-Cambrian  moremonta  in,  465, 

467,  468,  574-595. 

Moine  (EaBlerii)  schists  in,  596, 

600,  617-623. 

Slattadale,  194,  208,  209,  244. 

Sleat,  270,  348,  349,  351,  352,  467,  468, 

574-594   (575,*  579.*),  617,  618.     See 

AMO  Skye. 
Slioch,  Lewisian  gneiss  near,  69,   193, 

198,  199,  203,  206,  207,  210,  213,  340  ; 

Torridonian  strata  on,  269,  277,"  315  ; 

section  across,  544." 
Smoo  Cave,  390. 
Soay,    Sonnd  of.   348. 
Spessartit«s,  452. 
Spinel  le,   130. 

Stack  PoIIt  (An  Stac),  271,  307- 
Steck"  (of  Glcnconl)  schist-s,  502,  505. 

507,  604.  605-506- 
Htoer,  57,  93.  158,  275  300   301. 
.^tr^th  (Gairloch),  222,  242. 

(Skye),  348,  574-581  (575*,  57»»). 

Beag  (Eireboll),  488,  489.*  492. 

Carron,  post-Cambrian  moTements 

near,  555,  559,  550,*  561,  562,  564. 
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Strath  Kanaird  to  Strath  na  Sheallag, 
Cambrian  strata  in  district  of^  405- 
410 ;  Torridonian  strata  in,  316 ; 
post-Cambrian  movements  near,  527, 
528,  529,  530,  533;  Moine-schists 
between  Knockan  and,  610-611 ; 
Moine-schists  from  Strath  na  Sheallaa; 
to,  611-613. 

Lungard,  279,  326. 

na    Sheallag  to   Strath    Kanaird. 

Ski  above. 

and       Eishorn,       Cambrian 


strata  between,  411-416. 
— and  Achnashellach,  post-Cam- 
brian movements  between,  539.  540*- 
557. 

and      Loch      Alsh,     Moine- 
schists  between,  614-617. 

Suardal  limestone,  424,  425,  426. 


Stromeferry,  Lewisian  gneiss  near,  263  ; 
Torridonian  strata  near,  343 ;  post- 
Cambrian  movements  near,  468,  470, 
539,  569,  600. 

Stronechrubie,  513,  517,  518. 

Suilven,  155,  160,  165,  270,  305,  306. 

Summer  Isles,  318,  319,  320. 

Syenite  dyke,  211. 


Talladalb,  193,  208,  250,  326. 
Tarskavaig,  265,  357,  417,  418,  419.  420. 

467,  589,*  596. 
Moine    schists.    589,*    590,    592, 

693,*  594,  596,  618-621. 

thrust-plane,  264,  589,*  590,  591, 


592,  593,*  594,  618. 
TuALL.  J.  J.  H.,  5,  30,  32,  33,  41,  71, 
75,  85,  105,  111,  116,  126,  129, 
130,  150,  156,  228,  229,  243,  253,  278. 
356,  429,  442,  451,  453,  471,  554,  555, 
595. 
Thrust-plane  in  Moine-schists,  606 
Thrust  -  planes  of  post  -  CambriaT» 
age,  general  account  of.  463- 
473 ;  overlaps  of,  464,  466, 
468,  469,  477,  492,  500,  508,  525, 
526,  528  ;  effects  of  denudation  of, 
464,  467,  479,*  487.*  489,*  491,*  494.* 
497,*  498,  518,  519,*  520,  523,*  524,* 
526,  529,  547  ;*  thickness  of  rock 
displaced  bv,  466,  467,  499,  509; 
examples  of  foldins;  of,  468,  494,  496, 
497,*  503,*  504,  505,*  508,  518, 
519,*  529.  531,  532,*  533,  534, 
536,*  537,  544.*  579,*  580,  583,* 
584.  585.*  587.*  589,*  590.  592.  593  ;* 
deformation  produced  at,  468,  470. 
471,  481,  492,  495,  499,  501.  503.  506. 
514,  524,  537,  538,  539.  542,  543,  549, 
553.  566,  573,  578,  582 ;  extent  of 
horizontal  displacement  by.  469.  496, 
581  ;  mylonisation  attending,  267, 
470,  490,  496,  497,  502,  504,  605,  607. 


511,  534,  537,  538,  543,  649,  551,  552, 
553,  561,  562,  565,  567,  571,  577,  591, 
594,  597,  602,  604,  605  ;  Umits  oi  age 
of,  472,  473;  dislocated  by  normal 
faults,  477,  478,  479,*  482,*  487,*  488, 
527,  528,  529,  530,  531,*  532,*  543, 
549,  566,*  568,*  570,*  579,*  582,  592  ; 
brecciation  along,  529,  584,  588. 

TiLDBN,  W.  A.,  28. 

Tollie,  192,  194,  196,  197,  199,  202,  207, 
208,  209,  211,  212,  246,  247,  249. 

Tomore  Lodge  (Loch  Assynt),  161,  162, 
166. 

Tongue,  Kyle  of,  600,  603,  604. 

Topography  of  Lewisian  Gneiss,  2, 103, 
104,  113,  125,  139,  155,  172,  215,  238, 
254,  264. 

of  Torridonian  series,  4,  5,  270-272, 

291,  304,  305,  308,  309,  310,  322,  323, 
327,  334,  335. 

of  Cambrian  series,  5,  6,  367,  394, 


400,  405,  407,  408,  409,  411,  417. 
Torridonian  Series,  general  remarks 
on,  4,  5  ;  position  of,  in  the  geologi- 
cal succession  of  the  N.-W.  High- 
lands, 10 ;  history  of  the  investiga- 
tion of,  11-32 ;  description  of,  269- 
277  ;  dynamic  metamorphism  of,  286, 
288-290 ;  effects  of  denudation  on, 
270,  271,  272;  lithology  and  strati- 
graphy of,  272-274,  286-288;  heavy 
minerals  in,  285,  346,  353,  356,  358, 
359,  360 ;  curved  laminee  in  sand- 
stones of,  331,  332,*  349,  360;  cal- 
careous rocks  in,  287,  305,  325,  340, 
342,  349,  355,  358,  360 ;  pebbles  in, 
274,  278-284,  287,  317,  333,  349,  352, 
353,  354,  356,  360 ;  phosphatic  len- 
ticles  in,  287-288  ;  land-surface  con- 
temporaneous with,  23,  239,  244,  253, 
275-277,  308,  310,  311,  326,  330,  335, 
541,*  544  ;*  topographical  features  of, 
4,  5,  270-272,  291,  304,  305,  308,  309, 
310,  322,  323,  327,  334,  335. 

tabular  list  and  thickness  of 

groups  of,  274. 

Aultbea  group,  274,  317,  318-321, 

338,  339. 
Applecrosa  group,  274,  286,  301, 

305,     307-308,     315-317,    318, 

327,*    331-338,    341,  346,  349, 

350,  359-362. 
Diabaig  group,  274,  288,  301,  302, 

313-315,  324-327,  328-331,  340, 

342-346,  349-359. 

development  of,  from  Cape 

Wrath  to  Loch  Lurgan,  291-308  ;  from 
Coigach  to  Loch  Maree,  309-321 ;  in 
the  Loch  Maree  and  Torridon  dis- 
trict, 322-341 ;  from  Kishom  to  Looh 
Alsh,  342-347  ;  in  Skye,  348-362. 
Torridon  and  Loch  Maree  district, 
Torridonian  series  in,  323,  328 ;  geo- 
logical structure  of,  32A%  k.^-^^c'L^'^^ 
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group   in,    327 ;    Disbaig   group 

324  ;    igneous    rocks    in   Torridonian 

series  oi,  327  ;  topograpliical  features 

of,  324. 
Toscaig,  338. 
Toaimaline,    veins   with,    in    Letrisiai) 

gneiss,  97,  223,  226,   233,  243,  244; 

pebbles  with,  in  Torridon  sandstone, 

283.  284. 
Traligill,  5X4,  515.  51B. 

V 


)i:,  pre<ToTridonian  intrusions 
near,  93,  185  ;  Cambrian  strata  near, 
400  ;  post-Cambrian  movements 
528,  531,»  532,-  533,"  536  ;•  Moino- 
Bchiste  near,  599,  611,  612. 

Ultra -basic   djkes   of   Lewisian   gni 
85-89,   110  (?),   112,  142,  163,«  1651 
184,  187,  211,  603. 

rocks  of  Fundamental  Com 

Elex,  111.  112,  254.  Sbb  albu  vsdx,! 
ewisian  gneiss. 
Unconformabilit;.  at  Torridoninn  base, 
4,  273,  275.  277,*  292,  300,  303.  305, 
306,  307.  311.  315.  326.  327.«  """ 
330.  336,  336  ;•  at  Cambrian  basi-, 
6,  303,  363,  364,  369.  400.  401, 
405. 


\V*L.;uTT.  0.  D.,  374.  i 

WeatherinB,      p  re-Cambrian,     6,     V0 

148 ;  pns-Torridonian.  114.  244,  SS 

315,  353. 
Wehrlite,  174. 
Weikschekck,  E.,  69. 
White*tkr,  J.  J..  383. 
Whitt«n  Head  (Ceann  Geal  Mor).   lU 

486. 
WiLUAMs,  G.  H.,  45,  51.  62. 

J.,  11. 

J.  F.,  443,  444. 


,  55,  67.  76,  li 
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DESCKIPTIOiiJ  OF  PLATES. 


1.  (5013). — Horn  blende- rock,  from  a  btmic  lenticle  in  gneiss 
N.N.W.  of  Kona. 

Iron-orea  in  n  matrix  compoaed  of  iiregular  grfiins  of  gre€ 
blende.    See  page  48. 

2.  (3398).— Homblende-rock  i  x  35.  At  bend  of  road,  no 
of  Loch  Dlu-ombaig,  about  one  mile  enst -south-east  of  Oldan; 

Confused  aggregnte  of  a  nearly  colourless  and  usually  fibroi 
blende,  with  some  iron -ores.  The  rock  is  probably  a  i 
pyroxenite.     See  page  47. 


Fig.  1.  Hornblende  Rock,  x  35. 


Fig    2.  Hornblende  Rock 


1.  (3419).— Koi-nbleQde-anthop>iyllit«-rock;  x  35.  GIac  a.'  Mhin 
Ath,  about  ft  mile  anil  a  half  E.8.E.  of  Laxford  Bridge. 

Colourle§8  aDlhophyllite  and  green  hornblende.  A  cross-section  of 
antbophyllito  lies  a  little  to  the  north-enst  of  the  centre  of  tb« 
figure  and  on  tbe  soutli-east  side  of  a  longitiidinal  BectioD  of  tbe 
same  mineraL     See  page  40. 

2.  (4851).— Calc-anthophyllite-TOck ;  X  35.  Soutb  of  Allt  Mir, 
Ciei^geil. 

AnthophylUte,  calclte,  and  iron-oroB,  The  anthophyllite  occurs  as 
long,  crosB-jointed  prisms  in  a  matrix  of  CTyBtalUne,  granular  cakite. 
See  page  49. 


Big.  1.   HorrLblende -anthophyilite  rock,    x  as. 


Fig.  2.  Calc-andiophyllite  rook,  x   as. 


PLATE  XLII. 


1.  (3036).— Hornbleade-gaeiss  (basic)  i  I 
Cennniibemne,  Durness. 

The  two  piiiicipal  eonstitueiite  are  green  I 
(oligoclase-andesine).  Quai-ti  and  iron-orei 
page  59. 

2.  (2390). — Hoioblende-gueiBS,  north  fan 
boll;    X  35, 

Grunulnr  aggi-egnte  of  spbene  with  iron-oi 
blende,  fekp.^r,  and  quartz  are  also  present. 


Fig.  1.   Hornblende-gneiss    (basic)      x  23. 


Pig.  2.    Hornblende -gneiss,    x    35. 


1.  (3409). — Epidote-amphibolite ;  X  35.  Onoc  an  Sgriodacb,  south 
of  Iioch  nan  Lub,  near  Stoer. 

Hornblende,   epidote,  and  felspar  (andesine).      The  andasine    aal  -I 
epidoto  form  ii  siussiiritic  Jiggi-egiite.     See  pnge  57. 

2.  (2416). — Zoiaiteamphibolite;  X  35.  Lochan  nam  Breac  Buidhe, 
Eireboll.  Long,  slender  priBms  of  zoisite  in  a  matrix  of  felspar.  A 
pale-green  hornblende  is  also  present.    See  page  58. 


Fig.  1.    Epidote  -  aniphibolite .    k    33. 


Fig.  Z.    Zoisite  -  amphibollte .    x  35. 


1.  (4461). — Horubleade-biotite-gaeUs  (modified  pyroxene-gneiss);^ 
X  35.     About  300  yaids  north-west  ot  the  bridge  at  Lochinver.        ' 

Orepii  hornblende,  reddish -brown  biotlte,  pltigioclase,  quartK  anil  ■ 
iron-ores.  The  contrast  between  the  biotite  and  hornblende  is  veiy 
mnrked  iii  the  section  in  consequence  of  tiie  difl'ereace  in  colour; 
but  this  is  of  course  lost  in  the  phot-ograpb.  The  mode  of  occurrenoa- 
of  the  biotite  may,  however,  be  easily  recognised  with  a  lens.  Sea  • 
page  61. 

2.  (4461).— Portion  of  the  some  slide  more  highly  magnified;    x  60. 
Hornblende,  felspar,  quartz  and  ii-on-ores.      This  photograph  shows 

the  peculiar  character  of  the  hornblende  in  this  important  group  of 
rocks.  The  centml  jktUoos  of  the  nggregates,  which  pi-obably  repre- 
sent original  crystals  of  pyroxene,  conbxin  small  and  usually  rounded 
grains  of  quartz ;  the  marginal  portions  are  composed  of  larger 
individuals  which  are  not  separated  by  quartz  and  which  project 
into  the  surrounding  felspar  (andesine  or  labradorite).     See  page  61. 


Fig.  l.HomHende-biotiie-gneiss.    x  as. 


Fig.  2. Hornblende -biotite-gneiss     x  bo 


1.  (3739). — Qranulitic  hornblende-gneias.  ] 
east  of  Lochinver ;    x  35. 

Rnggod  priiiins  oF  actinoHte  in  a  granulitic  i 
epidota  and  biotite.  Crystnla  of  pyrite.  Inclaa 
occur  in  the  actiaolite.     See  page  68. 

2.  (4454). — Gmnulitic  hornblende-gueiss ; 
of  Loch.na-h'  Irinne,  OlachtoU. 

Hornblende,  felspar,  quartz  and    pyrite, 
rock  is  in  the  fonn  of  grains.      The  felspai 
distingaished.        Both   are   water-clear  and 
same  refractive  index.       They  occur  in   grail 
shape.    See  page  G8. 


Fig.l.  Grarmlitjc  homblendfi-gneiss  X  35. 


^^ 
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Fig.Z.  Graniilitic  hornblende-gneiss,  xas. 


PLATE  XLVI. 


1.  (4454). — Roadside  west  fiwra  Locli-na-h'  Iriunp,  Clachtoll,  4  miles 
Dorth-weet  from  Louhinver.  Quarto -felspar  mosaic  in  graiiulitia 
hornblende-gneiss ;  crossed  nicols  ;   X  35. 

A  portion  uf  the  ntme  specimen  as  that  repi'eseoted  in  Plate  XL7., 
fig.  2.  This  figure  iltustratss  the  fact  that  it  is  impossible  to  separata 
qnartz  fi-om  felspar  under  polarised  light.     Bee  page  63. 

2.  (4454).^Same  locality.  QuarbE-felspai-  mosaic.  Another  portion 
of  the  same  specimen  after  treatment  with  hydrofluoric  odd;    x  35. 

Quartz,  felspar,  and  hornblende.  The  uncover^  section  has  beaa 
treated  with  hydrofi  uoric  acid  and  staineil  with  fuchsine  ;  but  the  greater 
part  of  the  stniti  has  been  removed  in  order  to  render  the  felsiHu 
transpareut.  The  quartz  and  felspar  ai-e  not  uniformly  distributed. 
The  quartz  occurs  in.  streaks  and  lonticles.  This  mode  of  distribution 
of  the  qiiartti  n.nd  felspar  is  a  necessary  consequence  of  the  fact  that 
the  granulitic  hoi'nbleade -gneisses  have  been  formed  by  the  deforma- 
tion of  coarser-grained  rooks.     See  page  65. 


Fig.  1.       Quartz  -  felspar  -  mosaic.      x     35. 


Fig.  2  .       Quartz  -  felspar  -  mosaic      x  as. 


m 


PLATE  XLVII. 


1.  (8627). — Diabase.        BiU-sIope  alrave  lowest  Ohalda  Locb, 
1^  mUo  north-east  of  Inchnadamff;    x  15. 

Lath-ehapf^l  labradorite,  augite  and  iron-ore.  Graen  homblend> 
occurs  as  an  accessory;  a  small  patcli  may  be  recognised  about  half 
way  between  the  centre  and  mai'gin  in  a  N.N.W,  dii^ection.  Sei 
page  01. 

2.  (2745).— Hornblende-enst^vtite-diabaae.  Quarter  of  a  mile  nortiv 
west  of  Locb  Ohiojsg,  Assynt ;    x  35. 

Lath-sliaped  labradoi-ite,  nugite,  enslatite  and  borublende, 
The  central  portions  of  the  crystals  of  labradorile  are  turbid  ii 
couaequence  of  the  |ii-esence  of  minute  inclusions.  A  large  ophitii 
plate  of  enstatito,  aho  wmtaining  inclnnions,  occurs  on  the  north 
east  margin,  and  a  siniilar  piiite  ia  soeti  near  the  centi-e  on  tin 
Bouth-eant  side.  Ophitic  gi-eeii  hornblende  ia  represented  t«  the  wesi 
and  south-west  of  the  centre.  The  dai-k  patch  on  the  west  is  als 
hornblende.  The  two  sections  of  enstatite  in  the  right  half  of  thi 
figui*  arc  separated  by  a  large  patch  of  augite,     See  page  92, 


Fig.    1 ,    Diabase        x      is 


Fig  2 .   Hornblende  -  cnstatite-diabase .    k  3£ 
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PLATE  XLvrn. 


1.  (2319). — Olivine -norite.  North  fide  of  Locb  A^tit,  4  milea 
west  of  Inchnailanitl'. 

Olivine,  eostatite,  labcadorite  and  iron-ores. 

Olivine   is   represented    on   the  left   margin   and  nt  the  top.      It  ', 
mntains    minute    inclusions    nnd    nDoslomoeiDg    velos    of    mognetito.  i 
Enstatite  is  colourlosB  and.  idiamoi'phic.     The  Ubradorite  is  iotei-Btitiftl. 
See  page  03. 

2.  (2747).^Epidote-amphibolite  (foliated).  Quarter  of  a  niile  noi-th- 
weat  of  Loch  Chroisg,  Assynt;   x  35, 

Hornblende,  felspar,  epidote,  sphene  and  iron-ores.  The  epidot« 
and  felspar  form  a  satiasuritic  aggregate.  The  Gphene  forms  granulaj", 
colourless  aggregates  surrounding  the  inm-ore,     See  page  94. 


Fig.  ].     Olivine  -  norite.     x.     as 


Pig.  2,  Epidote-amphiboBte.    x  35 


PLATE  XLIX. 


1.  (4434).— Homblende-Gchist.  |-inile  north  of  Uenll  an  BpardaL 
nbout  3j  miles  south  of  Poolewe;    x  15. 

'I'be  section  is  at  riglit  tingles  to  the  direction  of  linear  foliatioi 
Hornblende,  felspar  and  quni-ti.  The  sections  of  hornblende  ai 
almost  all  appixiximately  at  right  angles  to  the  vertical  axis,  itn 
tliere  ia  no  tendency  to  elongation  in  any  special  direction  either  i 
the  hornblende  or  felspar.     See  page  97. 

2.  (4434).— Section  from  the  same  specimen  parallel  tn  the  linej 
foliation ;    X  15. 

The  sectionB  of  hornblende  are  almost  all  approximately  parallel  i 
the  vertical  asis,  and  the  individuals  are  elongated  in  tliis  directio 
See  page  97. 


Fig    1.     Hornblende -schist     x.     15 


Fig.  2  .    Hornbleride-sctiial      ^     15 


1 .  (3894). — Chert   pebble   from    Tori'idon    SaudEtoiie.      Ben    More, 
Goigach,  Boss^liire.     For  description  see  page  280. 

2.  (6352). — Jasper  pebble  from  the  Torridon  Sandstone.    Cape  Wrath. 
For  description  aee  page  280. 


Fig  1.  Chert. 


Fig.   2.  Jaspe 


1.  (6189).— Spherulitic  Felsite.    Pebble  from  the  Tori-idon  SandsW 
ApplecTQSB.     For  deacriplion  see  page  28].  1 

2. — ^Spheruiitic  Felisite ;  anothei'  portion  of  tlie  same  slide. 


Fig,  1.    Sfiiranjlitic    Felsite.     x     30. 


Fig.  2.   Spheriditic    Felsite. 


Tbo  figures  1,  la,   lb,  Ic  represeut  truces  of  supposed  orgnniRins 
phciBpbHtic  DoJules  from  thts  Upper  Torridon  shales  of  Gailleach  Head, 
Ix>ch  Broom;  magniflaH  about  60  [linitielers.     See  page  268. 

1,      Irregular  Diasa  showing  cellular  structure. 

la,    Qroup  of  four  cells. 

lb.   Black  sphere  with  perforations. 

lo.    Browu  fibre, 

3.     Olenellus  Lapwoi-thi,  Peaeh.    EnUr^  2  ili&meterK. 

3.  „  „  var,  eloogatus,  Peach.       „ 

4.  „  rpticulatun,  Pmteh.     NatuntI  nh^. 
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4b.         „  „  „         Test  eularged  to  show    nature   of 

oroitiiientatioc. 

5.      Olenelloities  iii-matus,  Peac/i.     Enlarged  4  diameters. 

Figs.  2-5  from  "  Fuooid  beda,"  Cambrian,  Meall  &'  Ghiubhais, 
Kin  loch  ewe,  Ros-s-ahire.  Copied  by  permission  of  the  Geological 
Society  from  Quart.  Jour.  Geol.  Soc,  Vol.  L.,  1894.  Pis.  XXIX., 
XXX.,  XXXI.,  and  XXXII.,  pp.  674,  675. 
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